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SECTION L 
Definitions and Principles. 
I. AVIGATION is the art of conducting a hip from one 
N 


port to another. 


This art may be divided into two parts; namely, Mechanical and 
Theoretical. | | 

MecHanical, or WokKInG NAviGaATION, comprehends the art 
of working a ſhip; that is, of cauſingllt to obſerve ſuch motions and 
directions as are aſſigned by the Navigator. | 

This art muſt be learned on ſhipboard, and in the practice of failing. 
THEORETICAL NAvIGATION, or the art of Piloting, concerns thoſe 
methods by which the Navigator, or Pilot, diſcovers in what track the 
{hip muſt ſteer, ſo as to arrive fafe at the intended port. 

The art of Piloting is either common or proper. 

Common PILoTING is that knowledge which teaches how to coaſt 
along ſhore, or to fail within fight of land. | 

ProPER PILOTING is the art of failing to diſtant places through the 
ocean, and out of ſight of land. Eh | 

The art of proper piloting, (which partly includes that of common. 
piloting) chiefly depends on a right application of the principles con- 
tained in the preceding books. IE 


Vol. II. „ 5 
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; 2. The navigating or conducting of a ſhip through the Ocean to di- 
Rane countries, depends on the Navigator's being beforehand furniſhed 
2th the following elements. | ER Eg dr WT AT 
| | LE 

1ſt. A Toble of the latitudes and longitudes of the moſt remarkabl. 
parts of the Sea-coaſts, Iflands, Rocks, Shoals, &c. in the frequente 
parts of the world, | 5 Fo 
2d. Maps or Charts of the Seas and Lands; together with the depths 
of water, and the times and fetting of the tides, upon the coaſts which 
he may have occaſion to approach, . 


3. The uſe and application of ſeveral Inſtruments neceſſary to point 
out the way the ſhip is to ſteer, to meaſure the rate ſhe runs at, and to 
find the place the is in at any time. 


4th. A ſufficient ſtock of Mathematical learning to enable him rightly 
to uſe the obſervations that may be deduced from the preceding ele- 
ments. | | 


The latitudes and longitudes of places cannot be otherwiſe obtained, 
than from proper obſervations made by perions who have been in thoſe 
places: conſequently, the collecting of a ſufficient number of theſe muſt 
be the work of many ages. And hence ariſes the great uncertainty of 
the poſition of many places, and even of the little knowledge we have of 
many parts on the ſurface of the Terraqueous globe, See the Geogra- 
phical Table at the end of Book VI. : 


3. The Maps of Countries, and the Charts of the Oceans and their 
boundaries, are made chiefly from the catalogue of the latitudes and lon- 
gitudes of places. But where theſe are partly wanting, and a good col- 
lection of the poſitions and diſtances of places can be obtained, thoſe 
places may be inſerted in the map as truly as the others, the latitudes 
and longitudes of which are known. 


The molt natural. way of delineating the ſurface of the Earth, is to do 
it on a ſphere; for then every place in the Globe, laid down by its la- 
titude and longitude, will have the ſame poſition with reſpect to other 


places, which they really have on the ſurtace of the Earth. But as a 
Globe is a bulky thing, and not ſo eaſily managed, or worked upon, as 


a plane, therefore has the repreſentation of the ſurface of the Eaith been 
made on planes, and theſe are called Maps or Charts. 


In the conſtructing of Maps and Charts great care ſhould be taken, 
that the ſeveral parts in them preſerve their poſition one to the other in 
the ſame order as they do on the Earth; and it is likely, that the finding 
out of proper methods to do this gave rife to the ſeveral methods of pro- 


J-Aion. | | 


4. There are many ways of conſtructing Maps and Charts; but they 
_ chiefly depend on two principles, 5 | 
8 | Fiſt 
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Fir/t, From conſidering the Earth as a large extended flat ſurface: Thie 


Charts made on this ſuppoſition are uſually called PLANE CHARTS. 


Secondly, From conſidering the Earth as a ſphere: The Charts made 
n this principle are ſometimes called GLoBULAR CHARTS, of MERC as 
ToR's CHARTS, or REDUCED CHARTS, or PROJECTED CHARTS. 
Plane Charts, when made for any large extent of ſeveral degrees in 
high latitudes, are very erroneous z ſor in them the difference of longi- 
tude between any two Meridians, taken at the Equator, is uſed as the 
diſtance of thoſe meridians in all latitudes ; and conſequently the di- 
ſtances of places in high latitudes will be too great, and their due 
poſitions will not be preſerved : But Charts made for a ſmall part, as 
a degree or two in length and breadth, may be reckoned as tolerably 
exact, eſpecially if thoſe places be within the Torrid Zone; nay. a Plane 
Chart made of all this Zone will differ but little from the truth, 


SECTION Uu. | 
5. The Conflrufion and Uſe of the Plane Charts. 


Cons TRUCTION. 


1ſt. Having determined the limits of the Chart, that is; how many 
degrees of latitude and longitude, or meridional diſtance (they being in 
this Chart the ſame), it is to contain: Suppoſe from the lat. of 20 N. 
to the lat. of 719 N; and from the longitude of London in o deg. to 
the lon, of 50% W.;; then chuſe a ſcale of equal pacts/by which the chart 
may be contained within the ſize of the ſheet of paper, on which it is 
intended to be drawn. In the chart annexed, fee Pl. VII. the ſcale is 
ſuch, that each degree of latitude and Jongitude is ; part of an inch: 


2d. Make a parallelogram (II. 6g) ABD, the length of which AB from 
north to ſouth ſhall contain 5 1 degrees, the ditference of latitude between 
the limits of 209 and 71® z and the breadth Ap from eaſt to weſt thall 
contain the propoſed 50 degrees of longitude, the degrees being taken 
from the ſaid ſcale of 8 degrees to an inch; and this parallelogtam will 
be the boundaries of the chart. 3 | 8 


3d. About the boundaries of the chart make (II. 81) ſcales containing 
the degrees, halves and quarters of degrees (if the ſcale is large enough); 
drawing lines acroſs the chart through every.z or 10 degrees; let the 
degrees of latitude and longitude have their reſpe@ive numbers annexed, 
_ the ſheet is then fitted to receive the places intended to be delineated 
thereon. a . 


4th On a ſtrait flip of paſteboard, or ſtiff paper, let the ſcale of the 
degrees and parts of degrees of longitude, in the line Ap, be laid cloſe 
to the edge; and the diviſions numbered. from the right hand towards 
the left, being all weſt longitude. | | 


3 2 Sth. Seek 
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th. Seek in the geographical table (at the end of Book VI.) for the 
latitudes and longitudes of the places contained within the propoſed li- 
mits ; and let them be written out in the order in which they increaſe in 
latitude. | | 

6th. Then, to lay down any place, lay the edge of the paſteboard ſcale 
to the diviſions on each fide the chart, ſhewing the latitude of the place; 
ſo that the beginning of its diviſions fall on the right hand border A B; 
and againſt the diviſion ſhewing the longitude of the given piace make 
a point, and this gives the poſition of the place propoſed; and in like 
manner are all the other places to be laid down. 

7th. Draw waving lines from one point to the other, where the coaſt 
is contiguous, and thus the repreſentation of the lands within the pro- 
poſed limits will be G2lineated. | a 

8th: Write the names to the reſpective parts, and in ſome convenient 
place inſert a compaſs, and the chart will be completed. 


The Uſe of the Plane Chart. 


6. To find the lat. and lung. of any propoſed place in the Chart., 


Take with a pair of compaſſes the leaſt diſtance between the given 
place and ſome parallel of latitude; this diſtance applied (the ſame way) 
to the graduated meridian on the border of the chart, keeping one point 
on the ſame parallel of latitude, the other point will ſhew the degrees of 
latitude the propoſed place is in. ; | 

And in like manner, the diſtance between the given place and ſome 
meridian, applied (the ſame way) to the graduated parallel on the top or 
bottom of the chart, will ſhew its degrees of longitude. 

Thus the diſtance between Cape Fineſterre and the parallel of latitude 
of 40%, laid on the border from 40 upwards, gives 439 15*N. for Cape 
Fineſterre's latitude: And the diſtance of the Cape from the meridian 
paſſing through 10 of longitude, being laid on the bottom border from 
10 toward the right, gives 99 20 W. for the longitude. 


Bp Tiboo places being given, uppoſ⸗ Cape Clear and the Iſiand of St. Mi. 
chael s, one of the Azores, to find the bearing and diſiante herween them. 


Lay a ruler by the two places. C. Clear and St. Michael's, take the 
neareſt diſtance between the center of the compaſs and the edge of the 
ruler ; in this poſition ſlide one point along the ruler, andthe other point 
will run along the point of the compaſs ſhewing the bearing, which in 
this caſe is 8. W.; that is, St. Michael's lies to the S. W. of C. Clear, 
or C. Clear to the N.E. of St Michael's. 

The diſtance between the two places applied to the graduated parallel 
from o degrees, will give the number of degrees, which converted into 
miles ſhews their diſtance. 

Thus the diſtance from Cape Clear to St. Michael's will be found to 
be about 159 25/; which multiplied by 60 gives 925 miles. 1 


1 
LEE 


8 = ne 2 1 * 
7.3 . oe 3 


ER 
N 


S 
8 
3 E KY 8 
* . 


es 


Tae 73 8 2 
PT STS 
SS N — 


e n 
* CIP > Ro 


r 
3 3 
r 


* 


Bock VII. PLANE SAILING. + 


8. The diflance ſailed on a given courſe, and from 4 given place, being 
known, to find the place the ſhip is in. La gr a ſhip ſails from Cape 
Clear S. I. for 925 miles: Required her preſent place. 


Reduce the given miles (925) into degrees and minutes, and take 
them (159 257 with one pair of compaſles from the graduated ſcales. 

Lav a ruler by the center and the given point of the compaſs (S.W.); 
take the neareſt diſtance between (Cape Clear) the place ſailed from and 
the edge of the ruler with another pair of compaſſes; in this poſition, 
ſlide one point along the ruler until the other point is got as far diſtant 
from the given place as is the given diſtance, which is tound by apply- 
ing the opening of the other pair of compaſſes from (Cape Clear) the 
given place, till the points of both pair of compaſſes meet; and that 
will zive the preſent place of the ſhip, which will be found in the lati- 
tude and longitude of St. Michael's; and theſe are known by Art 6. 

The Mariner working by the preceding precepts, will preſerve his 
Chart free from a multitude of lines : But when this is not regarded (as 
indeed it is ſcarcely worth while), the operations will become ſomewhat 
ſhorter, | 


q. The latitude of a place (a), and its bearing from à given place (B) 
being known ; to find the place (A) on the chart, and its diſtance from (B). 


Through the given place B draw a line parallel to the given point of 
the compaſs or bearing; then an eaſt and weſt line drawn through the 
latitude of A, its interſection with the former line will give the place 
ſought. The'diſtance may be meaſured, as in Art. 7. | | 


10. The latitude of a place (A), and its diſtance from a given place (8) 
being known ; to find the place of A on the chart. 


Draw an eaſt and weſt line through the latitude of a ; take the given 
diſtance in degrees from the graduated ſcale; then this diſtance being 
applied from the given place B will cut the ſaid caſt and welt line in the 
required place of A, | 


11. The longitude of a place A, and its diflance from a given place B being 
known; to find the place of A on the chart. | 


Draw a meridian through the longitude of A; then the given diſtance 


taken as before, and applied from B, will cut the ſaid meridian in the re- 


quired place of A. 


12. The longitude of a place A, and its bearing from a given place B being 
Enown 3 to find the place of A on the chart. 


Through the given place B draw the given bearing. (7) 
Draw a meridian through the longitude of A, and its interſection with 
the ſaid bearing will be the place of A. | 


And in this manner may every poſſible cafe of failing by the plane 
chart be readily ſolved. But as the accuracy of theſe ſolutions cannot 
be depended upon nearer than five or fix minutes more or leſs than the 
truth; the more careful Navigators depend on the computations, given 


in the following ſections. Fi | 
B 3 SECTION 
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$ECTION N 
Of Plane Sailing. 


13. PLANE SAJLING is the art of navigating a ſhip upon principles 
deduced from the notion of the Earth's being an extended plane. 
On this ſuppoſition, the meridians are eſteemed ay parallel right lines, 
the parallels of latitude are at right angles to the meridians, the lengths 
of the degrees on the meridians, equator, and parallels of latitude, are 
every where equal; and the degrees of longitude are reckoned on the 
parallels of latitude as well as on the equator. 1 
14. The PIANE CHART is a map, or repreſentation, of the ſeveral 
Parts of the Earth, laid down from theſe principles, according to their 
latitudes and longitudes, on a ſheet of paper, or other flat ſurface. (5) 
When the parts of the Earth are thus delineated on a plane, it is eaſy 
to ſee the tract by which the ſhip may go from one place to another; 
and alſo what angle this track makes with the meridian : ſhips at ſea 
are kept in this track, or path, by the help of an inſtrument called the 
Mariner's Compaſs. 


15. The MarintR's ComPass is an artificial repreſentation of the 
horizon of every place, by the means of a circular piece of paper called 
a Card, divided like the horizon into degrees and points, which are 
called Rhumbs. Now the card being properly fixed to a piece of ſteel 
called a Needle, that has been touched with a loadſtone, (the property 
of which is to cauſe one end of the needle, fo touched, to point to- 
wards the north, when turning freely on fomething ſupporting it), all 
the points of the card will be directed towards their correiponding points 
of the horizon. 

From this conſtruQtion of the Mariner's Compaſs it follows, that in 
every place the north point of the card ſhews the poſition of the meri- 
dian in that place; and ſome one thumb, or point of the card, will 
coincide with, or be directed along, the track that makes any given an- 
gle with the meridian ; Conſequently, by the help of the card, or com- 
paſs, a ſhip may be kept on any propoſed track, or courſe. 

16. A Runs LINE is a right line drawn from the center of the 
com paſe to the horizon; and is named from the point of the horizon it 
falls in with. „ | THe: 

17. The Covuss is an angle which the Rhumb line, on which the 
ſhip ſails, makes with the meridian, and it is ſometimes reckoned in de- 
grees, and ſometimes in points of the compaſs. ; 

18. DISTANCE is the number of leagues, miles, c. intercepted be- 
tween two places reckoned on a Rhumb; or it is the way or length a 
hip has gone on a direct courſe in a given time. | 
109. ?JIFFERENCE OF LATITUDE is the diſtance which a ſhip has 
made north or ſouth of the place ſhe ſet out from; and it is reckoned in 
miles and parts of a mile on a meridian. ES | 

20. DEPARTURE is the eaſt or weſt diſtance which a ſhip has made 
from the meridian of the place ſhe departed from, reckoned on the pa- 
rallel of latitude which ſhe is arrived in, and in the plane chart it is the 
ſame as the difference of longitulle. * 

21. 
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21. If aſhip ſails either due north or ſouth, ſhe ſails on a meridian, 
makes no departure, and her diſtance and difference of latitude are the 


ſame. | 


If a ſhip fails either due eaſt or weſt, ſhe runs on a parallel of latitude, 
makes no difference of latitude, and her departure and diſtance are the 
ſame. 
The difference of Jatitude and departure always make the legs of a 
right angled triangle, the hypothenuſe of which is the diſtance the ſhip 
bas failed. | 
| When the courſe is 45 degrees, or 4 points, the difference of latitude 
and departure are equal. 

When the courſe is leſs than 45 degrees, or 4 points, the difference 
of latitude is greater than the departure. 44 

But when the courſe is greater than 4 points, or 45 degrees, the de- 
parture is greater than the difference of latitude. 87750 

22. When a figure relating to a ſhip's courſe is to be conſtructed, it 
muſt firſt be conſidered whether the ſhip is failing northward or ſouth- 
ward; and whether ſhe goes to the eaſtward or weſtward of the place 
ſhe departed from; for the lines in the figure muſt be drawn accord- 
ingly. . 
bus. Let the upper part of the paper, or what the figure is drawn 
on, always repreſent the north, then the lower part will be ſouth, the 
right hand fide eaſt, and the left hand fide the weit. a 

Draw a north and ſouth line to expreſs the meridian of the place the 
ſhip ſails ſrom, then if the courſe 1s to the fouthward, mark the upper 
end of the line for the place failed trom ; but if the courle is northward, 
mark the lower end for that place. | 

Through the point ſailed from draw à line perpendicular to the me- 
ridian to repreſent the parallel of latitude of that place; and from the 
{ame point, with the chord of 60 degrees, deſcribe a quadrantal arc on 
the eaſt fide the meridian, if the courſe is eaſtward, or on the welt 
ſide, if the courſe is to the weſtward. | 

When the courſe is given, the chord of the degrees, or points cx- 
preſſing it, is to be taken with a pair of compaſles, either from the ſcale 
of chords, or of rhumbs *: and is always to be laid off on the qua- 
drantal arc, beginning at the meridian. | 

The line expreſſing the diſtance the ſhip has run, is always to be 
drawn from the center of the quadrant, or point failed from, through 
that point of its acc which limits the courſe. a 

The difference of latitude, in leagues or miles, taken with the com- 


paſſes from a ſcale of equal parts, is ever to be laid on the meridian, 


reckoning from the center of the quadrant, 


— — 


* N _ — 


A quadrant, or are of go®, being divided into eight equal parts, and 
each of theſe into quarters; then if from one end of the are che ſeveral divi- 
ſions be transferred to the chord of 90®, as in Book III. Art 18 a line of 
rhumbs is conſtructed, the uſe of which is the ſame as that of the chords, 
namely to make an angie whoſe meaſures is given in points inſtead of de- 


Zgrees. 
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The departure is to be a right line parallel to the eaſt and weſt line 
before drawn, joining the ends of the lines expreſſing. the diſtance 
and difference of latitude. 

23. In the annexed figure, ſuppoſe the circle Fara to repreſent the 
horizon of the place a, from whence the ſhip | | 
fails; ac the rhumb ſhe fails on, and c the © 
place come to; then HH repreſents the paral- 
lel of latitude ſhe failed from, cc the parallel 1 
of the latitude arrived in: So that Ab be- 
comes the difterence of latitude, Dc the de- 
parture, Ac the diſtance failed, the angle Dac 
is the courſe, and the angle DCA is the com- 
plement of the courſe. 

I beſe particulars will be alike repreſented, 
whether the ſhip fails in the N. E. or N. W. 
S. E. or S. W. quarter of the horizon. 

Hence it is evident, that the difference of 
latitude, departure, and diſtance, ſorm the ſide; 

of a right angle triangle, whoſe angles are the 
courſe, its complement and the right angle, A 5 
whoſe fine is radius; therefore among theſe 1 
four things, courſe, diflance, diff. lat. and departure, any two of them 
being given, the ceſt are to be found by plane trigonometry. 


24. Of the Traverſe Table. 


For the ready working of any fingle courſe, there is a table, called the 
Traverſe Table, uſually annexed to Treatiſes of this kind; which is ſo 
contrived, that by finding in. it the given courſe and a diſtance not ex- 
ceeding 100 miles, the diff. lat. and departure is had by inſpection. The 
courſe 1s to be found at the top of the- table, when under 4 points, or 
45 deg.; but at the bottom of the table when it exceeds 45 deg. Each 


D O 


column ſigned with a courſe conſiſts of two parts, one for the diff. lat., 


marked Lat.: the other for the departure, marked Dep.; which names 
are both at the top and bottom of theſe columns. The diſtance is to be 
found in the column, marked Diſt. next the margin of the page. 

This table will ſerve for greater diſtances, by taking their halves, 
thirds, ſoufths, Sc. and doubling, tripling, quadrupling, &c. the diff. 
lat. and departure found to thoſe parts of the diſtance. 

The traveiſe table contained in this Treatiſe, at the end of Book VII. 
has the diſtances continued to 120, which is a number more capable of 
ſubdiviſions than 100: Beſides, the table is divided into two parts; the 
firſt contains the whole points and quarter points in a quadrant ; and the 
ſecond part is fitted to every degree and quarter of a degree in the qua- 
drant;z whence? the courſe and diſtance, refulting from a day's work, is 
more accurately obtained than by the common traverſe tables. 

25. All the proportions that can ariſe in plane failing are exhibited in 
the following table; they refer to the preceding figure, where AE, AF, 
or AH repreſznt the radius of the tables, EB the fine of the courſe, Ge its 
tangent, and AG its ſecant; AB ſtands for the ſine of the complement 


of the cuurſe, HI its tangent, and al its ſecant. 
| Theſe 


He 
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1 Theſe proportions are here inſerted, to exerciſe the learner in reaſon- 
ing on the relations ſubſiſting between theſe lines and thoſe repreſenting 
the diſtance, departure, and difference of latitude: But in what follows, 
only the analogies in the firſt column, and one againſt the laſt caſe in 
the ſecond column, will be uſed; the others being rather matters of 
curioſity than uſe. + WE Hee 


«sa | Given|Req. Solutions by ſines Solution by tangents and ſecants | 
1 . — ſby ſim. AA He, a8slby fim. A apc, A roſby ſim. ale, ani | 
IF 1 A, | AD JAE: an:: Ac: ADJAGZ APF:3AC:ADJALEIAH ;; AC: AD 
3 * | DC fat: EB :: AC::DCJAG: FG:: AC: DC[AI: AH:: AC: DC 
3 „ap A [ABLAE:!AD:ACIAF: AG:: AD: AC[IH: AI:: Ap: Ac 
E 2 CAAD pc AB: BE:; : ADP: DSAr: FG: : AD: Deſtn: An:: AD: DC 
1 „och AE BE: AE:: DC:ACIFG: AG:: DC: ACTAH: Al:: DC: AC 
1h 3 [£9 P5 ap [BE: AB;:DC:'AD|EG: AF::DC: ADJAH:HI::DC:; AD 
1 ZA Ac: Ap: : AE: ABA D: Ac: : AF: A0 
14 JaD, AC AE: EB:: AC:DCjAF:FG::AD: 

IY | | DC . . © * AF: FG: o AD : DC 5 i - 

3 | { A|AC:DC:: AE: EB hs DC: AC:: AH: Al 
1 5 Ac, DG i AE: AB:: Ac: 4b I AR: Hl: : De: Ap 
2 6 2 AD: Dc: : AF: FC IDC: Ap: : AB: Hl 
7 | 01 4c AF: AG:: AD: AC|AH: AI:: DC: AC 


FOES W 2 


7 26. To aſſiſt the learner, the proportions hereafter uſed are given in 
their nautical terms. | | 


= {| Given [Required] SOLUTIONS 

£4 ; |Courle8|Diff, lat. Rad.: Diſt. : : Cof. Cou. : Diff. lat. Ns ]. 
i Diſtance Depart. Rad. : Diſt. : : fin. Cou. : Depart, No II. 
Courſe Diſtance Coſ. Cou. : Diff. lat. :: Rad : Diſtance. N*IIL. 
Diff. lat. Depart. Coſ. Cou. : Diff. lat.:: fin.Cou. : Depart. or by N “II. 
Courſe Diſtance Sin Cou.: Depart.:: Rad. : Diſt. No. V. 
Depart. Diff. lat. Sin. Cou.: Depart. : : Coſ. Cou.: Diff. lat. or by NI. 
Y Diſtance/Courſe  |Diſt. : Rad. :: Diff. lat.: Cof.Cou. NV. 
41 Diff. lat. Depart. Rad. : Dift. : : ſin. Cou.: Depart. by Nell. 
= | Dilance/Courfe Pfiff. : Rad: :: Depart. : fin. Cou. Ne IX 
8 5 Depart. Diff. lat. Rad. : Diſt. : : Cof.Cou. : Diff. lat. by Nel. 


2 
3 


5 1 Diff. lat.|Courte Diff. lat.: Depart. : : Rad. : tan. Cou. Ne XI. 
Y Donne, Diſtance |Sin. Cou. : Depart. : : Rad.: Diſt, by NYIV, 
gf © Theſe proportions (or Canons as they are uſually called by Mariners) 
b- are applied to the numeral folutions of all the varieties of ſingle courſes 
1 in the following ſection. 8 
E | The numbers I, II, &c. placed at the end of theſe Canons, ſhew 
8 which proportion they refer to in the upper table; reckoning two in 
5 each caſe. 0 


27. A 
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27. A TABLE of, the angles, which every rhumb, or point of the 
compaſs, makes with the meridian. - | | | my 
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* ST" ET TE" "FT" 


Before the learner begins to work the caſes of plane ſailing, he ſhould 


be ſo well acquainted with the compaſs, or this table, as to be able 


readily to tell how many points any of theſe courſes or rhumbs are diſtant 
from the meridian, or from the parallel, 


go co WES T. WES T. =, 


: 20 : 
_ Ges | 4 
45 O0 N. ad S . VV oy IF 7s A 


SECTION | 


®* BookVI PLANE SAILING. ty 
T . _ s2cr0n ww 
1 No / Single Courſes. 


2858. CAsx I. Given the courſe ſteered, and the diftance run: 
6 Required the difference of latitude and departure. 


Exam. A ſhip from the latitude 47% 30“ N. has ſailed S. W. b. S. g8$ 
miles: What lat. is ſhe in, and what dep. has ſhe made? | 
; By the TRAVERSE T ABLE. WE, „ 

Find the given courſe at the top or bottom of the table among the 
points or degrees; and in that column, right againſt the diſtance taken 
in its column, ſtand the diff lat. and departure in their columns. 
bus the courſe is 8. W. b. S. or 3 points, in which column, and 
againſt the diſtance 98 in the column of diſtances, ſtand 81,5 miles for 
the diff. lat.; and 54, 45 miles for the departure. 


0 | By ConsTRUCTION. (22) 


4 1. Draw the meridian AD, and make the quadrant 
bs Am cp. £1 Wo 

6-1 2. Make mc=rhumb of 3 points, and through e 
* draw AB equal to 98 miles. 

35 3. Draw BD parallel to pa, meeting AD in D. 


bp Then av, the diff. lat., meaſures about 8 14 miles. 
| And Ds, the departure, meaſures about 54,4 miles. 


By CoMPUTATION. 


The courſe being 3 points 33945“. I he comp. coutſe is 5 pts. 565“. 
8 To ſind the diff. latitude. To find the departure. 

EY As rad. = go? Oo 10,00000|As rad. = 90 O 10,00000 
3 To diſt. —= 98 m. 1,99123|To diſt. = 98 m. 1,99123 
3 So coſ. co. 33 45“ 9.91986 80 fin, co. = 339 45” 9474474 
by To diff. lat. .'= 81,48 1,91108] To dep. * 54,48 1573397 
1 5 By GUT I Stars 

ke I On the line of fine Rhumbs *, the extent from Radius, or 8 points, 
== to Z points, applied to the line of numbers, will reach from 98, in ei- 
Py. ther interval, to 54,4, es 
E- 4 And the extent from 8 points, to 5 points among the Rhumbs, reaches 
Re 0 from 98 to 81,5 on the line of numbers. | 
bt Or thus. The extent from Radius, or 8 points, in the 8. R. to 98 in 
EY: the Numb. will reach from 3 points in the Rhumbs to 5454 in the Numb. 
3 and the ſame extent will reach from 5 points in the Rh. to 81,5 in the 
1 8 The lat. from 47 30 N. 

1 . — diff lat. 1 21 8. | 

1 Lat. in 46 9 N. Dep. 54,4 miles Welt. 
3 * The lines on the Guntei's ſcale marked 8. R. and T. R. ſignifying Size 
T0 Rhumb; and Targent Rhumbs, are the logarithmic fines and tangents anſwering 
1 to the degrees and minutes in each point and quarter point of the Compaſs, 


3 transferred from the ſcales of log. fines and log. tangents. 


. 
G 82 
3 
2 
Mr” * q 8 
7. 
r 
1 
2 
& 4 
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29. Cas II. Given the courſe ſteered, and difference of latitude: 
Required the diſtance run, and the departure. 


Exan. A ſhip has ſailed F. E. ö. S. from the at. 479 30' M. to the 
lat. 469 o8' N. I hat diſtance has ſhe run, and what departure has ſhe 
made? = | : 
. By the TRAVESE TABLE. 


Find the courſe among the degrees, and the diff. 14. in its column, 
right againft which ſtands the departure and diſtance in their columns. 
Now taking 460 087 from 47“ 30, remains 19 22'=82 m. the diff. 
at | | 
Then the courſe 8. E. b. S. is 3 points, under which in the column 
of lat. the neareſt number to 82 is 82, 3. the correſponding departure is 
55, and the diſtance 99 miles. 


By CONSTRUCTION. 


1ſt. Deſcribe the quadrant a mc p. | 
2d. Make mc = rhumb-of 3 points, and continue 
Am till aD=82 miles. "ol 

d. Through D draw Ds parallel to ap, meeting 
the line AB drawn through c, in the point B. 
Ihen the diſtance AB meaſures about 99 miles. 
And the departure Ds meaſures about 55 miles. 


* 


By COMPUTATION. 


The courſe 3points=33® 45”. || Thecomp.courſeis 5 pts.=569 15”. 
Io find the diftance. EY To find the departure. ? 

As col. co. 33? 45“ 0,08015 | As col. co. 339? 45 o,08015 
To diff. lat. 82 m. 1,91381 | To diff. lat. 82 m. 1.91381 
So rad. 9oꝰ oo 10,00000 | So fin co. 33* 457 9474474 


"To dift. To dep. $4279. 1,73870 


. 


l 
£ 
= 


By GunTER's SCALE. 


On the line of fine rhumbs, the extent from 5 points to 8 points, or 
radius, will, on the line of numbers, reach from 82 to 99. 

And the extent from 5 points to 3 points on the S. R. will reach from 
82 to 55 on the line of numbers. | 


Or thus. The extent from 5 points in the fine rhumbs, to 82 miles 


in the line of numbers, will reach from 8 points in thoſe rhumbs to 99 
in the numbers; and the ſame extent will reach from 3 points in the 
Thumbs to,55 in the numbers. 

Note. Iff Fi theſe caſes, wherever the coſ. courſe uſed, the deg. put 


V is the courſe itſelf, yet the log. belongs to the comp. of that 
courſe. | 


30. CAs E 
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30. CasE III. Given the courſe ſteered and the departure: 
Required the diſt. run, and diff. latitude, 


Exam. A ſhip from lat. 479 30' N. ſailing N. WW. b. WW. finds fhe has 
made 8 2 miles of departure: What is her diflance run, and what lat. is ſhe 


now in? „ 
: By the TRAVERSE TABLE. 


Find the courſe among the degrees, and the departure in its column; 
right againſt which ſtands the difference of latitude, and the diſtance in 
their reſpective columns. | X | | 

Now the courſe N. W. b. W. is 5 points, over which, in the column 
of departure, the neareſt number to 82, 1s 82,3; and the correſponding 
diff. latitude is 55 miles, and the, diſtance is 99 miles. | 


By ConSTRUCTION, 


A m continued, in v. 
Then the diſtance AB meaſures about 99 miles. 
And the diff. lat. Ap meaſures about 55 miles. 


8 1ſt. Deſcribe the quadrantal arc A mcp; — 

3 2d. Make mc=rhumb of 5 points, and continue i = mn 

E A þ till a b=82 miles. / 133 

3 3d. Through b draw 5 B parallel to A m, meeting 5 

1 the line AB, drawn through c, in B. ; 3 —— 

1 . 3 7 A 

IP 4th. Through B draw BD parallel to b a, meeting ; 


By COMPUTATION. 


The courſe 5 points is 569 15'. The comp. courſe is 3pts. = 35* 4c”. 
5 To find the diſtance, To find the diff. latitude. * 

8 fin. c 3613 o, 815 As fin, co. = 569 157 8 
To dep. == $2 ms 1,91381| To dep. 85 1 1781881 


So rad. = 90” oo 10,00000 | So col. co. = 5615“ 9474474 
* o n 
To diſt. =_g8,62 1, 99396 | To diff. lat. = 54,79 _ 1,938;0 


By GUNTER's SCALE. 


On the line of fine rhumbs, the extent from 5 points to 8 points, or 
radius, will, on the line of numbers, reach from 82 to gg. 
And the extent from 5 points to 3 points on the line S. R. will 
reach from 82 to 55 on the line of numbers. 980 
Ws | Or thus. The extent from 5 points in the fine rhumbs to 82 miles in 
2X £ the line of numbers, will reach from 8 points in the rhumbs to 99 in 
the numbers: And the ſame extent will reach from 3 points in the 
thumbs to 55 in the numbers. | | | 


Lat, from 479? 30! N. 
Diff. lat. 0 N. 
Lat. in 48 25 N. 


31. Cas 


As, diſt. = 98 m. 8,0877 As Rad. 
80 diff. lat. = 82m, 1591381 So fin. Co. 


ww 
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31. Case IV. Given the diſtance and difference of latitude: 
ERequired the courſe and departure. | 


Exam, 4 ſi from lat. 4% 20' N. foil between the north,and oft 8 
miles, and is arrived in lat. 48? 42 NV. What courſe did ſhe ſteer, and 
what departure has ſbe made? ; 


By the Tzxaverss T ABLE. 


Seek in the table, till againſt the diſtance taken in its column be 
found the given diff. lat. in one of the following columns ; and adjoining 
to it ſtands the departure, which, if leſs than the diff. lat. the courſe is 
found at the top of the column; but if greater, the courſe is found at 
the bottom. | 

Now having taken 479 20' from 4842“, leaves 1 22'=82 m. the 
diff. lat. : 

Then ſeeking till againſt diſt. 98 ſtands lat. 82, the neareſt will be 
lat. 81,95, and here the departure is 53,7 4m. and the courſe is 33% 15/. 


By ConsTRUCTION. 


1ſt. Deſcribe the quadrant A mp. 10 
2d. Continue Am, till Ab Sam. 

3d. Through p draw Ds. parallel to A p. mn + 
4th. On A with the diſtance 98 cut Ds in B. 

Then the departure DB meaſures about 53 m. : ' 
And the courſe DAB is meaſured by the arc mc of A. .. 


about 33?. . 
By CoMPUTATION. 
To find the courſe. + | To find the departure. 
9oꝰ o 10,00000 
98 m. 1.99123 
3313 9, 73863 


5 3-09 | 1,7 2986 


CTY 


To rad. = 90“ 00/ 10,00000! To dift. 


— — mmetnlnts mn 


To col, co. = 339 13 9,92258 boo dep. 


[] 


By GunTzR's SCALE, 


On the line of numbers, the extent from 98 m. to 8a m. will, on the 
line of Gnes, reach from go, or radius, to about 57 degrees. | 

And the extent on the line of fines, from go? to 33, will reach on 
the line of numbers from 98 m. to about 534 miles. | 

Or thus. The extent from 98 m. in the line of numbers, to 90? in 
the line of fines, will reach from 82 m. in the numbers to about 57 in 


the fines: And the ſame extent will reach from about 33“ in the tines, 


to about 53+ in the numbers. 
So that the courſe is N. 330 15/ E. or N. E. b. N. nearly. 
And the departure is N. 53,69 miles to the Eaſtward- 


32. Cas 


— 
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32. CAsE V. Given the diſtance and departure: | 
| Required the courſe, and difference of latitude; 


15 


Ex AM. From the lat. 500 13“ N. a ſhip, in failing between the fouth and 
eaſt 98 miles, makes her departure 82 miles : What courſe did fhe keep, and 
what lat. is ſhe arrived at? | | 


By the TRAVERSE TABLE. 


Seek in the table, till againſt the diſtance, taken in its column, be 
found the given departure in one of the following golumns, and ad- 
joining to it ſtands the diff lat. which if greater than the departure, the 
courſe is found at the top of the column; but if leſs, the courſe is found 
at the bottom 171 

No ſeeking till againſt the diſt. 98 ſtands 82, the neareſt will 
81,95, ſigned Dep. at bottom; and here the diff. lat. is 53,73 m. and 
the courſe is $09 45. | 


By CONSTRUCTION. 


1ſt. Deſcribe the quadrant Am cp. 1 

2d. Continue ap, till a 6=82 m.; and through Spc 
b draw bB parallel to am. 

3d. From A with the diſt. 98 m. cut 6B in B. ; 
4th. Through B draw BD parallel to ab, meeting _ 
Am continued, in D. a | > | 
Then the diff. lat. a> meaſures about 53 miles. 

And the courſe DAB is meaſured by the arc mc of about 579. 


By ComMPUuTATION. 


To find the courſe, To find the diff. lat. 
As diſt, = 98 m. 8,00877 | As rad. = go® o 10,00000 
To rad. 90 o 10,00000| To diſt. © = 98 m. 199123 


So dep, = 82 m. 1,9138 1] So col, Co, = 56 47% 9, 73863 


To fin. co. = 562 47 9.92258 To diff. lat. = 53,69 1, 72986 


Then 5013 N. O 54 N. 249 19 N. For 53, 69 m. is neareſt 54. 
By GUNTER's SCALE. 


On the line of numbers, the extent from 98 m. to 82 m. will, on the 
line of ſines, reach from 90, or radius, to about 57 degrees. 

And the extent on the line of fines, from 9oꝰ to 33*, will reach from 
98 m. to about 534 m. on the line of numbers. 

Or thus. The extent from-g8m. in the line of numbers to 90 in 
the line of ſines, will reach from 82m. in the numbers to about 579 in 
the fines: And the ſame extent will reach from about 33“ in the fines, 
to about 53 m. in the numbers. N . 

So that the courſe is S. 56˙ü4 E. or S. E. b. E. nearly. 

And the latitude arrived in is 499 19 N. 


33. Case 
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33 Cat VI. Given the difference of latitude and departure: 
Required the courſe and diſtance. 


Ex Au. 4 ſhip from lat. 48 32'N. is arrived in lat 49% 54 N. an is 
got 54 miles to the weſtward of ber departed meridian : IWhat courſe did ſhe 
fteer, and what is the direct diflance ſhe has run? | 


By the TRAVERSE TABLE. 


Seek in the table till the given diff. lat. and departure are found to- 
gether in their reſpective columns: then right againſt them will be found 
the diſtance in its column, and the courſe ſtands among the degrees at 
the top or bottom of the column, where the diff. lat. and depart. were 
found. | | 8 | 

Now 48? 32 taken from 49 54', leave 19 22'=82m. the diff. lat. 

Then in the table it will be found, that the numbers ſtanding toge- 
ther the neareſt to 82 and 54, are 81,95 and 53,73 ; the diſtance an- 
ſwering to theſe is 98 m. and the courſe is 33® 15%. | 


By CONSTRUCTION, 


iſt. Deſcribe the quadrant Amcp, and continue 
Am till Ap Sam. | 
2d. Through p draw BD parallel to ap, and equal 
to 54 miles, and draw AB. 

Then the diſtance AB meaſures about 98 miles. 
And the courſe DAB is meaſured by the arc mc of 
about 33. 


| — WA 
By ComPUuTATION. 


To find the courſe. | To find the diſtance. 
As dif. lat. = 82m. 8.08619 As fin. co. = 339 22 0,25964 
To depart. = 54m. 1573239 To depart. = gam. 173239 
So rad. = 90 oo” 10,00000| So Rad. = go? oO 10, oooco 
To tan. co. = 33 22 8, 81858 To diſt. = 98,18 1,99203 


By GunTER's SCALE. 


On the line of numbers, the extent from 82m. to 54 m. will reach 
on the line of tangets from 45® to about 33®. | 

And the extent on the line of fines, from about 33 to 90, will reach 
on the line of numbers from 54 m. to about 98 m. 

Or thus. The extent from 82 in the line of numbers to 45? in the 
line of tangents, will reach from 54 in the line of numbers, to about 

39 in the line of tangents. | ; ELL 

Alſo, the extent from about 339 in the fines to 54 in the numbers, 
will reach from g0* in the fines to about 98 m. in the numbers, 

So the courſe is N. 33 227. W. or N. W. b. N. nearly. 

And the diſtance is 98,18 miles. 


34. De- 


E Bbok VII. PLANE SAILING: 17 
34 Rueſtions to exerciſe the foregoing Caſes. 


Quxs r. I. Four days ago we were in lat. 30 25 S.; and have ſince that 
time run 614 direct courſe NIV, by N. at the rate of 8 miles an hour: Re- 
| quired our preſent latitude and departure? © 

One day=24 hours: Then 24 x 4=96 hours. 

And 96 x 8=768 miles, the whole diſtance. 

| * * Cons'TRUC TION. 

* 1. Draw the meridian AD, and deſcribe the qua- 
= drant Amp. | | 
2d. Lay off the courſe 3 points from m to c, and 


draw the rhumb line AB. 7 
3d. On the rhumb line lay the diſtance from A to f | 
B, and draw ED parallel to p A. 8 


* |  ComPeUuTATION. 

As rad. = 90? oo! 10, ooooo As rad. = 90? oo _ 10,00000 
To din. =768m. 2,88536| To diſt. =768m. 2,88536 
7 So coſ. co. = 33? 455 9,91985. So ſin. co. = 33% 45' 974474 
= To diff. lat. =638,6m. 2,80521, To dep. 2426, m. 2,63010 


— — 


i . Then lat. from 30 25'S, 
IF Now 4525600” 39 * diff. lat. 10 39 N. 
Lat. in 7 14N. 

a Depart. 426, 7 miles. 
Quesr. II. Ye/terday noon we were in lat. 380 32' N. and this day at 
neon we are in lat. 36? 56 N.; we have run on a direct courſe between the 
S. and E. 53 knots * an hour : Required our courſe and departure? 


Anſwer 


Lat. from 389 32'N. 234 hours. * 
Diff. lat. x 36 96 m. 120 
| — — — 420 
| 7 
Diſt. 132, m. 


ConsT. Deſcribe the quadrant A mp : draw the meridian aD=96, 
and draw DB parallel to Ap; with 132m. from A, cut DB in B. 


| ComPUuTATLON, D> 
As diſt. = 132 m. 7,87943 As rad. =: 90% o 10,00c00 
To rad. = go* oo 10, ooo To diſt. 281320 2.12057 
So diff. lat. = 96 m. 1, 98227 So fin. co, = 43? 20” 9 $3648 
To coſ. co, = 43* 20 9,86170| To dep. = 90, 58 1,95 705 
A 28 Courſe is S. 439 200 E. or SE. by S. 4E. nearly. 


Departure 90, 58 miles to Eaſtward. 


rr” * * 


* A knot is the ſame as a ſea mile, 60 to a degree. 
Vol. II. C Quxsr. 


- 
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Quesr. III. A ſhip in lat. 3 527 8. is beund to a port bearing Nin. l; 
M. III, in lat. 4 æ30 N. : How far does that port lay to the weſtward, and 4 
what is the ſhip's diſtance from it? | 
| « Fr 
Lat. from 3* 52'S. B | Mt "*Þ 
; Lat. to 4 30oN. | uf 1 " 
<1 We 
Diff. lat. $ 22 —h02 miles, | 1 2 0 . 
N „ W_ 
Cors r. Deſcribe the quadrant a mp: Draw the meridian AD 50, 1 


and through p draw DB parallel to ap: make mc 54 points: Fhrough 1 Pe 
c draw AB meeting DB in B. ; | 


CoMmMPUuUTATI1ION. 


As cof. eo. = 61 f“ 0,32650 As coſ. co. = 61® g2' 6,42650 4 
To diff. lat. = 50 m. 2, coyo To diff. lat. = 50 m. 2, 0070 = T 
So rad. = 90? oo? 10,c0000 |So fm. Co. = 61% 527 9, 94540 == Sc 
To diſt. 10666 3.02720 ho dep. = 938,9 2,9766 Z 1 
The port lies 938, 9 m. to the weſtward, . 4 
pain 111. dire diitance is 1065. | ; | 6 


QuzsT. IV. A fhip from lat. 309 14 V. fails SE. ly E. 4 E.; and | 
four days after meets a ſhop who had failed directly eaſt at the rate of 6 miles 3 
an hour, ſhe having been four days before under the meridian the ſhip departed 3 4 
from: Required the difference of their rates of ſailing, and their preſent la= 8 i 


titude? | B 3 
As the ſhip and floop failed from the fame meri- 2 65 = 

dian, and the floop runs directly eaſt; therefore Apr = 0 

her diftance will be the ſhip's departure, 5 1 
Now in 4 days are 96 hours. : 1 


And 96 x6=576 miles of departure. D 
Cost. Defertbe the quadrant Amp. 


In ap continued take ab=576, and draw B parallel to a m. 
Make m<=57 points, and through c draw Ac meeting þB in B. 
Through B draw, BD parallel to A meeting 4 m continued in D. 


. | Pt 
| CoMPUTATION. ry 
As fin. co. = 61 52  0,05460|As fin eds. = G61® 527 0,05460 
To dep. = 576 m. 2,76042 | T6 dep. = $76 m. 2,76042 A 
So rad, = 90% O 10,00000 | So coſ. co. = 61* 52% 9q,67350 5 

_. To diſt, = 653,2m. 2,81502| To diff. lat. = 308 m. 2,488; 2 80 


Now 96) 65 3, 26,8 m. per hour the And 6, o) 30, 8 (Then lat. fr. zo⸗ 14N. . I 


[ſhip's rate. — diff. lat. 5 08S. J. 
772 e 5 8 ‚ b 


So the difference of their rates of failing is 18 or? of a mile per hour. 


5 
4 Yu 
9 
93 
19 i 
9 y 
7 * * - 
, * 
8 
8 
U 1 , 1 
l 1 
7 ets: 
2 
6 * 
„ 
1 
E 
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QuesrT. V. A. hip from the lat. 480 17 N. ſails SIV by S until ſhe has 
depreſſed the north pole two degrees : What direct diſtance has ſhe run, and 
how many miles is ſhe got to the weſtward? | 


3 | 4 To depreſs the pole two degrees, the ſhip muſt 


5 : : 3 
> Fail ſouthward until her diff. lat. is 2 degrees, or P: 
220 miles. | 
XZ Covsr. iſt. Draw ap=diff. lat. 120m. 12 
2d. Deſcribe the quadrant amp, and make mc=3 | 
points. 8 : B Z 'D 
Za. Through cgraw AB, meeting DB, drawn through ; 
pP, parallel to- A p. 
= Cour r AT TON. | 
4s coſ. co, = 33% 45 o0,08015|As col. co, = 33 45” o, 08019 
Io diff. lat. = 120m. 2,07918]'To diff. lat. = 120m. 2,07918 
= Sorad. = go® ou 10,c0000| So fin. co. = 33% 45 9,74474 
To din. = 1443 215933] To dep, = 8018 1,9040 
x Ship has run 144,3 miles. 3 
7 5 Anſwer | And has got to the weſtward 80,18 miles, 
49 ; . ; * yo 5 22000 60 
1 ons sr. VI. Two ports lie under the . meridian, one in latitude 520 
30 N. and the other in latitude 47% 10 N. A ſhip from the ſoutherme/t fails 
* due eaft g fnots an hour, and two days after meets a ſloop" that had jailed 


from the nortbermeſt port: Required the ſloop's direct courſe and diſtance 
run ? | 7 EE ac, ) 


Here the diſtance which the ſhip fails eaſt is the 4 - 
floop's departure. . „ : 
Now 2 days=48 hours, 
Then 48 x 9g= 432 m. departure. 1 
Sloop's lat. 52 30 N. . HEE B 
Ship's lat. 47 10 N. 3 | 


Diff. lat. 12 5 20 zom. 
Coxsr. In the meridian, take Ap for the diff, lat. 320 m. and per- 
pendicular to AD. draw the departure DE =432 m. and draw the diſtance 
AB. 2 A Fel ] * N 


ComPUuTATION. 
As diff. lat, 


= 320m. #7,49485]| As fin. co. = 53 28“ 0,09;01 
To depart. = 432 m. 2, 03548 To depart, = 432 m. 2,03548 
So rad. = go? OO 10, ooooo So rad. S go 10,00000 
To tan. co. = 53 28 10,1 3033 To diſt. = 537,6 2, 73049 


The ſlooop has failed S. 539 280 E. or SE. 4 E. 
Anſwer 2 Ang has run 537,6 Miles 15 LO. 


C 2 | | . Quksr. 5 


2 
. 1 


e 5 2 e a 
. 2 7 d Pee IT 
8 F 
e — 8 3 2 AZ $5.34 
8 TCC 
8 8 . i LS 
. 0 Fa. HH 


— — ——— — . PAIR refer. 


—— — —- —ññ7˖˙eů— 
” 


ing 24 leagues, or 72 m. her error in account, there 


comp. of the iſt term is avoided, E | 
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QuesT. VII. / ſhip from a port in latitude 380 25“ S. ſails between the © 
S. and MW. at the rate of 7 knots an hour; three days after meets a flood, wha 
two days before had jailed from a port under the ſame meridian uhich the ſhip 
departed from, and kept on a weſt courſe 8 miles an hour: Required the ſhip's 
direct courſe and preſent latitude ? 


Now 3 days is 72 hours, which, at 7 knots an 3 Þ 
hour, makes 540 miles for the ſhip's run. — A A 
And 2 days is 48 hours, which, at 8 knots an hour, * 
makes 384 miles for the ſloop's run, and is equal to; 2 
the weſting, or departure of the ſhip. | ö — 


Consr. Having deſcribed the quadrant amp, 
make ab=384; from Aa, with 540, cut bn pa- 
rallel to AD, in 8; draw AB, and BD parallel to Ap. 


B | D 


CoMPUTATION. 


As dim. = 540m. #7,26761|As rad. = 900 o 10, 0% —¹ .l 

To fad. = g0® oo 10,00000| Todift, *'= 540m. 2,7323909 

* Rn, ͤ 0" 40 --- 9-Meboe 
vol eo. = 44% 4 9.86104) Totem... >3796  .3:37933 Wie 


6,0)z8,0(69 200 Courſe S. 44%40/ W. or SW. the 
Ana (89 25 76200 =) 4445˙8. Anſrer Preſent aa is 44 458. 
Quksr. VIII. A trig from a port in latitude 28 38“ N. ſails due N. ing 
at the rate of 8 knots an bour; after three days ſhe meets a ſhip who has wil 
run due M. 342 miles from a port 30 leagues to the eaſiward of the meridian y # 8*<: 
that the brig's crew thought themſelves under; who alſo found, they had net will 
increaſed their latitude ſo much by 24 leagues as by their account: Required ie 
true courſe and diſtance the brig has made? "8 


Now BZ knots an hour for 3 days, is 612 miles „off 
for the brig's apparent northing; from which tak- 85 


remain 540 miles for her true diff. lat. 

And as the ſhip's departed meridian is 30 leagues, 
or go miles to the eaſtward of the brig's; theſe 
gom. being taken from 342 leave 252 m. for the 


welting from the brig's meridian. Wag 
So that the brig having made 540m. northing, and 252 m. weſting; 3 
her courſe and diſtance, found. by the 6th caſe (33), will be bans 
Courſe N.25% O01 W. or NNW.2W. nearly, 
Diſtance 595,9 miles. 3 1 hls 
It may be proper to obſerve, that when radius is one of the three ſes 
terms given, and not the firſt; then the log. of the firſt term being ſub- diſta 
tracted from the log. of the other term, (radius excluded), leaves the prop 


log. of the 4th term; by which means the trouble of taking the arith. 


SECTION 


3 
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3 SECTION V. 
; 1 | Of Compound Cores. 


wh. 35. A ComyounD'CoURSE is an irregular track which a ſhip makes 
in a known time, by failing on ſeveral different courſes : Or where two 


or more caſes of Plane ſailing are concerned. 


A TRAVERSE is a compound courſe, wherein ſeveral different ſuc- 
7 ceſlive courſes and diſtances are known. 


36. To Wo RK A TRAVARSE. 

1 Or, to reduce a compound courſe to a ſingle one. 

33 * 1ſt. Make a table of ſix columns, title them Courſe, Diſt. N. S. E. 
W. Begin at the left ſide, and write the given courſes and diſtances in 
their reſpeCtive columns. 

1 
= 2d. Seek in the traverſe table the given courſes and diſtances, and let 
the correſponding differences of latitude and departures be written in 


\ © their proper columns in the table made for the queſtion. 


SH 3d. Add up the columns of -northing, ſouthing, eaſting, and weſt- 
7 EE aog ; then the difference between the ſums of the northing and ſouthing 
will be the whole difference of latitude, of the ſame name with the 


. greater: and the difference between the ſums of the eaſting and weſting 
will be the whole departure, of the ſame name with the greater alſo. 


= 4th. The whole diff. of lat. and departure to the compound courſe be- 
ing found, the direct courſejand diſtance will be found as in Caſe VI. 
of ſingle courſes. 


Dre ee 8 
LIVE. N : 


37. To consTRUCT A TRAVERSE, 


\ 1ſt. Deſeribe a circle with the chord of 60 degrees, and divide it 
into 4 quadrants; marking the north point with N. 


2d. Lay off each courſe on the circumference, reckoned from its pro- 
per meridian ; and from the center to each point draw ſo many blank 


85 ; 1 radii; mark theſe with the proper number of the courſe. 
4 3d. On the firſt radius, lay the firſt diſtance, mark its extremity z 
1 chrough this extremity; and parallel to the ſecond radius, draw the le- 


S cond diſtance of- its proper length ; through the extremity of the ſecond 
(diſtance, and parallel to the third radius, draw the third diſtance of its 
proper length: and thus proceed until all the diſtances are drawn. 


| j 
C 3 4th. A 
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4th. A line drawn from the extremity of the laſt diſtance, to the 
center of the circle, will repreſent the diftance made good and a line 
drawn from the ſame point, perpendicular to the meridian (lengthened if 
neceſſary) will repreſent the departure. 


38. When a ſhip is bound from a given place to a "FEA port; 
and on ſome occaſion ſhe is obliged to run on one or more different 
courfes, not in the direct one to the port; and then wants to find the 
direct courſe and diſtance ſhe muſt now run to gain her port, obſerve the 
following precepts. 


1ſt. Find the diff. Jat. and dep. between the ſhip's firſt place and the 
port bound to. 
2. Find the diff lat. and dep. between the ſhip's firſt once and the 
place ſhe is to come to. 

3d. If theſe differences of keaſtude are both of the ſame name, take 


their difference tor a new diff. lat.: But if of contrary names, take their 


ſum. 

4th. If the departures are both of the ſame name, take their difference 
for a new departure : But take their ſum, if of contrary names. 

5th. To this new difference of latitude and departure, find the courſe 
and diſtance (33). 
Sen. If — the place ſailed from, and the place come to, there 
has been more than one courſe : To each courſe let the diff. lat. and de- 
parture be found; and let their ſum or difference be taken according as 
they are of the fame, or of contrary, names; and this will give the diff. 
ht. and departure between the place failed from and the place come to: 
Then proceed by the 3d, 4th, and 5th precepts. | 


J 
/ 


39. To « ConSTRUCT A Compound CouRsE. 
See ary of the figures after Queſtian VII. 


1ſt, Deſcribe a circle, in which draw the meridian and parallel ot 
the place failed from. 


2d. Conſtruct the triangle between the place failed from, marked Aa, ; 1 


and the place bound to, marked B ; and let the interſection of the diff. 
lat. and departure be marked p. | 


3d. Conſtruct the figure between the place failed from, or A, and the : 2 
placed come to, marked c; and let the interſection of this diff. lat. and 


departure be marked E. a 


4th. Through c draw CF parallel to Ap, meeting BD, continued, if, 


veceſſary, in F; and draw CB. 


5th. Then in the triangle CB, the lines cr, FB, CB, will repreſent 


the diff. lat. departure, and diitance r the place come to, and the 


place bound to. 


6th. From the center A draw a line * to en, in the direction 3 [4 


from c to B, and this ſhews the courſe wanted. 


$ * N 
> ten 
* 7 
9 
1 : 
x q : 
O 8 ; E 
* 
* 1 
k F 
3.4 Py 
14 
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rr 


ber latitude. 
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40. Examples to exerciſe Traverſe Sailing. 


QuesTIOn. I. A hip ſails from a 
run the following courſes and diſtances, 


place in latitude 24 32 N. and has 
dix. 8 


1ſt. SW. b. W. diſt. 45 m. 2d. ESE. diſt. 50 m. 3d. SW. diſt. 30 m. 
4th. SE. b. E. diſt. 60 m. 5th. SW. b. S. ZW. diſt. 6 m. 

Required her preſent latitude, with the direct courſe and diſlance between 
the place ſailed from, and the place come to? =: 


Conſtruct the traverſe table by art. 36, and the figure by art. 37. 


TrxaveRst TABLE. | 8 : * 
1 f 4 p 
Courſes. 1D. N. . | E. W. * 6 A : 

[pA — 5 72 
{ SW. b. W. 45 1 25,0 374 1. 4 + 

ESE. 50 119.1 46,2 * 7 * ; 

SW. 30 ' 21,2 73,2 4 

SE. b. E. 60 33»3] 49,9 * 

SW. b. S. W. 63 50, 37:5 — 0 

| [149,2 96.5 96,1 


The traverſe table being com- 


pleted ; the ſum of the ſouthings is 
149,2 miles, and fo far the ſhip; 
has got to the ſouthward, or altered 


The lat. from 24 32N. | 
Diff. lat. 12 = 2 298. 

60 
Preſent lat. 22 03N. : 


| 


The miles of departure in the 
eaſt column are 96, 1; and thoſe 
in the weſt column are alſo 96,1 5 
But as the eaſt and welt departures 
are directly oppoſite, they deſtroy 
one another, and the ſhip in her. 
preſent ſtation has made no depar- 
ture ; therefore ſhe is under the 
ſame meridian which ſhe failed, 
from: Conſequently her courſe: 
made good is directly ſouth ; and 
her diſtance is the ſame as the dif- 


In this figure the circle, which is 
deſcribed with the chord of 60?, 
repreſents the horizon, the center 
of which is the place the ſhip failed 
from ; through that place are drawn 
two diameters, at right angles ro one 
another; the one repreſenting the 
meridian, the other the parallel of 
latitude which the ſnip departedfrom: 
On the circumference are laid the 
ſeveral courſes, and numbered 1, 
2, 3, 4, 5- On the firſt rhumb ar, 
is laid the firſt diſtance aa=45;3 
turough a, and parallel to the thumb 
42, is drawn the ſecond diſtauce 
ab=50; through 6, and parallel 
to the rhumb A3, is drawn the third 
diſtance bc=30; through c, and 
parallel to the rhumb A4, is drawn 
the fourth diſtance c 4=60 ; thro? 
4, and parallel to the rhumb a 5, 


ference of latitude, which is 149,2. 


C4 


is drawn the fifth diſtance 4c 2 63. 


QuesT. 


4 


courſes, viz, 
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QuesrT. II. A /hip from the latitude 28* 32' N. has run the following 


1ſt NW.b.N.diſt. 20m. 24. SW. diſt. 40m. 3d. NE. b. E. diſt. bom, 
4th. SE. diſt. 55 m. 5th. W. b. S. diſt. 41 m. 6th. ENE. diſt. 66 m. 


Required her preſent latitude, with the direct courſe and diſtance between 


the place ſailed from and the place come to 


Conſtruct the traverſe table by art. 


? 


36, and the figure by art. 37. 


— 


rm 


4 
| 
1 
| 
i 
| 
4 
| 
£4 
444 
. 
i 
1 
| 
1 


Travess TaBLe. 
— N. 8. E. IV. 
NW. b. N. 200 16, 6 11,1 
SW. 400 |28,3 28,3 
NE. b. E. j60| 33,3 49,9 
SE. 55 38,9] 38,9 
W. b. 8. [41 8,0 40,2 
ENE. 6625.31 61,0 

75+2]75+21149 879,6 
— — 79,0 | 
70,2[Dep. 


The traverſe table being filled | 


up, the ſum of the northings and 
ſouthings are both 75, 2 miles; 
which being of contrary directions, 
ſhew that the ſhip has returned to 
the fame parallel of latitude which 
ſhe ſailed from. 

The ſum of the eaſtings is 149,8, 
and that of the weſtings is 79,6 ; 


Here A is the place ſailed from ; 
and c is the place the ſhip is come 
to, by failing along the lines A a, 
a b, h c, c d. de, e c. | 

The diſtance ſhe is got from A 
is repreſented by ac; which alſo 
expteſſes the rhumb between A and 


C. 
their difference 70, 2 ſhews that the } 
ſhip has gained fo much to the eaſt- 
ward, that being greateſt. 
Conſequently the courſe made good is due eaſt, | 


And the diſtance is 70,2 miles. 


Although the figures in both the traverſe tables, at the end of this 
book, contain two decimal places, beſides the whole numbers, yet only 
one decimal place is uſed in theſe traverſe: queſtions, and that place is 
increaſed by 1, if the place omitted exceeded 5: Thus, the courſe SW. 


diſt 4c, gives 28,28; for which it 


is ſet down 28,3 ; becauſe 28, 28 is 


nearer to 28, 30 than to 28, 20: And ſo of others. 
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4 


Quksr. 


25 


1 
194 
== # 


cou, 


= £8 
» as 
$2 2 - 
Rooms 
[9 4 
. 
1 LE, 
$ 3 5 
, . 
> „ 34Y 
N „ 
© > 
- "x 
- To 
530 
<0: 
3 
. —— 
1 
= | C 
2 
* 1 = 
1 e 45 
3 
"7 7," 
"© RS 
1 IH! oy 
„ 8 
ILY 
—— 
2 1 „ 
N 9 
* NV 
„ 2 
1 
N £ * 
RH 
* Wife 
: SLE 2 
We oe þ 
\ ab $8 
7 
* N 
- , 4 4 A 1 
n 
. 
1 
A 
14.7 o 
1 8 — 
. 
SR 
„ 
233 
1 7 
1 
2 We 
£588 
£4 TAS. 
n 
ORR © 
OS 
— , 3 
. * 
1 2 2 
8 
3 2 [ 
© <8 
_—- 
„ 
3 1 
8 | 
." IEC 
& 68 
1 ? 
1 
_ | 
1 
3 f 
_ 4 
"Mg me 
1 
8 A 
3 8 
_— 
1 13 
1 On 
37 . 
—__ 
3 
A Ry” 
. 
— 
A 
— 
— 
1 n 
— 


„ 
N n 
3 


N 

e 

r 

i r 

* 21 3 
EI War 

2 Bs Y 

e N 

3 . 


8 
? WER v 1 


X courſe and diflance ? 
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. QuesT. II. Since yeſterday noon we have run the following courſes + 
1ſt, SW. b. S. 20m. 2d. W. 16m. 3d. NW. b. W. 28m. 


4th. SSE, 32 m. 5th. ENE. 14 m. 6th, SW. 36 m. 
IV hat diff. lat. and departure has the ſhip made, and what is her direct 


FF: oy 


TRAVERSE TABLE. 


: | 
Courſes. D.] N. | . w. ö . 3 

B; 66 . 
SW. b. S. 20 16, 11,18 | FIRE 
W. 16 16,0 c : | 
NW. b. W. 280 15,6 23,3 | : } 
SSE. 32 29,6 12,3 
ENE. 14 54 12,9 
SW. 36 q 2575 25,5 

21,071, 725,2 75.9 
| 21,0] -—| 25,2 

D. lat. 50, Dep. I 50,7 1 


As the diff. lat. and dep. are equal, the courſe is S. 45 W. or SW. 
And, as ſ. CA: CE: . CE: Ac. Or ſ. 45% 0“: $0,7m. ::f.90%00"; 71, Im. 


| QuesT. IV. Two ſhips, A and n, part company in lat. 321931” N. and 
meet together again at the end of two days, having run as follows : 
A. iſt. NNE. 96m. 2d. WSW. 96m. 3d. ESE. qm. 4th. NNW. 96m. 
B. Iſt. NNW. 96m. 2d. ESE. 96m. 3d. WSW. 96m. 4th, NNE. 96m. 


FKegquired the lat. arrived in, with the direct courſe and diſt, of each ſhip 


As the courſes ſteered by both ſhips are equally diftant from the me- 


ridian; therefore one traverſe will ſerve for both. 


a TRAVERSE TAI i 4 1 
Courſes. D. N. 8. . WE: /\\ 
—ä 2 (— 3 2 
NNE. [96] 88,7 36,7 \7 
OW. wo 36,7] *'| 88,7 
ESE 96 | 36,7 88,7 y 
NNW. 96 88,7 | 36,7 5 
— — — — — . — 1 2 
177,4 734/125, 425,4 : ITO ns —— 4 
„ REES 123" 2 ;— 
— a — * 4 Fo 
3 | 104,0 D. lat. % $11 a 


There being no departure, and the diff. lat. being N. 


Therefore the courſe made good is N. and the diſtance j . 
The lat, arrived in is 339 15” N. nen RRUIRs 
8 Quksr. 
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Quxs r. V. Suppoſe a ſhip from the lat. of 40* 00” N. ſails as follows. ; 2 


1ſt. SE. b. S. 20m. 2d. NNE. rom. 3d. EE. «com, 
4th. ENE. som. Sth. SSE, 10m. th. NE. b. T. 29m. 


5th. Weſt 25m. Sth. SSE. 10m. qth. WSW. IW. 42m. 
1oth North 110m. 11th. E. IN. 62m. 12th. North Jm. 
13th. Weſt 62m. 14th. North nom. 15th. Weſt 8m. | 
16th. South 1om, 17th. Weſt 62m. 18th. South mm. 
19th. E. 2 8. 62m. 20th. South giom, 21ſt. WNW. IW. 42m. - 
22d. NNE. 10m. 23d. Welt 25m. _ - 
: Reguired the ſhip's place, with the direct courſe and diflance ? : N 
—— — 4 RY 8 
” TRAVIZASE TABILI I. | | 7 5 


. 7 
Weſt. | 62 62,0 
North 10 20,0 f - 
Weſt 8 [| 8,0 
South 


Weſt 62 62,0 
South 7 7.0 1 
WNW. W. 42 12, 2 | 42,2 
NNE, 10] 952 1 3,8 | 
Weſt 25 25,0 
| 1 3 1 1 


200. olzoo. o 262. 4062.4 | 


tl * 
— 


As the ſums of the North and South difference of latitudes are equal, 1 | 
and the Eaſt and Weſt departures are equal; therefore the ſhip is re- 
turned to the place ſhe ſailed from. _ 


-* 


6 
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23 QOvtsr. VI. The laft 24 hours we have run the following tourſes, viz. 

. iſt. SE. 40 m. 2d. NE. 28 m. 3d. SW. b. W. 52 m. 
| <1 4th.NW.b.W 30m. th. SSE. 36 m. 6th. SE. b. E. 58 m. 
I} Required the diff. latitude, departure, direct courſe and diſlante? 


l, 
: ; TRAVERSE TABLE» of 
» 1 I n . „ £ ” we 
y a | Courſes. D.] N. | 5. wet W. 7 * 
* US : og 
le = | F e 14 7 
; 2p ISE. | 40 N 28, 3 28.3 g 6 —— 
NE. 28 19,8 19,8 | Y 
W. b. W. |52 28,9 „„ 
NW. b. W. 30] 16,7 2459 MN 
7 jSSE. 26 33,30 13.9 
| K 2 SE. b. E. 58 32,2 4 12 R 
7 36,5 122,7 110, 0 68,1 
1 | 30,5 68,1] —: 
| 7 E = Cc 
H. lat. 86,2] 42,0|Dep. | 


For the courſe. As 86,2m. :42m.::rad.:t. 2550. OrSSE,ZE. nearly. 
For the diſtance. As ſ. 25% 59“: 42 m.:: rad. :95387 m. 


Quesr. VII. Yeſterday noon we were in lat. 30 18' S. and ſince then we. 

| bave plied on the following courſes, viz. 
8 1ſt. NNE. 22 m. 2d. N. b. W. 30 m. 23d. NE. b. E. 40m. 
1 ath. ESE. 25 m. 5th. S8 W. 18 m. th. NW. b N. AW. rom. 
th. NE. IZE. 42 m. Sth. W. b. S. W. 45 m. gth, SW. b. 8. 20m. 
XZ 10th. E b. N ZE. 2m. Required our preſent lat. and departure, with the 
* courſe and diſlance made good? 


* 


ö 1  TraveRrSE TaBLE. 1 
3 Courſes. ID; N. 8. E. W. 
NNE. 22] e 
N. b. W. 30 29,4 | 5,8 
b. E. 40] 22,2 3373 | 
ESE. 25 9,6] 23,1 
SSW. 8 16, 6,8 
NW. b. N.: W. 5o] 38,6 31,7 
EY 8 420 26,6 | 3255 - 
b. S. T W. 45 44 44,8) 
SW. b. 8. 20 16,6 'FI,T * 
E. b. N. 4E. 62 9,1 | 64,3 on” 7 
146,2 47,2158, 6100, 2 \ i 
47,2] ——| 100, 2]Þ——| % 32 _ 
—— — . 4.— 
99,o1D. lat. 58.40 Dep. 


For the courſe. As 99 m. 5 8, 4m. :: rad.: t. 30e 2. Or NNE. A E 
For the diſt. As ſ. 300 5 1 58,4 m.:: rad.: 11 3 the diſtance. 
And 3 18—1® 39“ 1 39˙8. ths preſent latitude. x 

| QUEST, 
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QuesT. VIII. Yeferday noon we were in lat. 33 15 N. and bound to 
a port in lat. 2835 N. lying 196 miles to the weſt ; and this day at noon 
we were in lat. 30* 20”N. having made 168 miles of weſling : Required the 
direct courſe and diflance io our intended port? 


Lat. from 33 15/N. Lat. from 330 15/N. 
Lat. to 28 35 N. Lat. in 30 20 N. 


Diff. lat. 4 40 280 m. [Diff. lat. 2 55828175 


The figure is conſtructed by art. 39. 


Thus. In the meridian take aDd=280, Ak G E 
175; in DB, Ec, drawn parallel to the parallel of V. 
lat. Ap, take BD g 196, EC=168; draw AB, AC, / A 
CB; and draw CF-parallel to Ab, and Ac parallel ©. 17 -D 
to CB. 


Then A is the place failed from; c the place come to; B the place 
bound to; CB the diſtance the ſhip has to ſail ; and the arc mc meaſures 
the angle of the courſe ſhe muſt fail on. 


From 2 = 280 From ps =: 196 

Take AE — 1 Take ct = FD =. 108 

Leaves ED cr = 105 Leaves Br = 28 

| | In the triangle ces. 
To find the Courſe. To find the diſtance. 

As er, diff. lat. = 105 #7,97881As fin. co. = 14% 5& o, 88889 
p To nr, dep. = 28 1, 44716 To dep. = 28 m. 1, 44716 
So rad. = 90? oo! 10,00000|S0 rad, S 9 00 io, oooco 
To t. Cor, t. co. 14 56 9, 42596 To Diſt. = 108, 6 2, 03605 


Anſwer : Courſe is S. 14 56 W. or S. b. W. 4 W. Diſt. 108,6 miles. 


tude 5 18 N. lying 476 miles to the eaſtward; finds ſhe has made 400 miles 
of fouthing, and 150 of eafting : Required the courſe and diſtance ſhe has ta 
fail, to reach her intended port? | 

The figure is conſtructed by art. 39. 

Lat. from 14* 25 N. 

Lat. to 5 18N. — 


„ 7 miles. 


AD = 547 | DB = 476 
AE | = 400] EC == DP - = 150 
— T="145-1 78 = 326 


Then cr : FB : ; rac. : t-ZBCF. Or 147 : 326: : t. 45%; t. 65% 444. 

And ſ. CSS: rB :: rad. : cs, Or ſ. 65 44“: 326: : 1, 90: 357,6. 

Anſwer. Courſe is 8. 659 44' E.; or SE. b. E. 3 E. Dittance 357,6 m. 
| Qussr. 


* 


by 


Quest. IX. A ſhip from latitude 149 25 N. and bound io a port in lati- 


* 
* 
* 
"4 
85 
1 
: 
8 I) I 
— 
"= 
* 
* 


SFP ˙ en rr * 
r Re Oe "I 
Rs LENSES UC : 3 
* U . Suri xa 
* D 1 
BE tg 


x courſe and diſtance to her intended port? 


As rad. : AB :; fl. 4B: 3AD- 5 
Or rad. : 282 :: f. 5615228 | 0 
And rad.: AB ::f. ABAD: BD. | 

Or rad. ; 282 :: ſ. 33*45': 156,6. 


Book VII. PLANE SAILING. > on 
VEST: X. Four days ago we were in lat. 4* 29'S. long. 8 30 16 E. » 

18 ; and now we are in lat o 35 N. having made 200 miles of weſling : 

Required our preſent courſe and diſtance to Achen in the Ifland of Sumatra? 


F D f 32 


5 


The fig. is conſtrued by art. 39. 


Lat. from 4? 398. 
Lat. to-4. 5. ,15.N. 


Diff. lat. 9 54 594 miles. | 
: — a 4 

Lat. from | 4% 39'S. Leng. from 8 30 167E. 

Lat. in 0 35 N. Long. to 95 55 E. 

Diff, lat. 5 142314 miles. Diff. long. 12 39=7 59 miles. 
AD = 594 DB = 759 
AE = 314 | FD = 200g ck. 
ED = 280 = CF, FB = ded = 


— | 
In the triangle cn, to find the courſe and diſtance. 
As CF: FB:: rad: t./ FCB. Or 280: 959:: t. 45% oO: t. 73 4%. 
As ſ,7FcB: FB:: rad. : ch. Or ſ. 73 43: 959 :: ſ. oe 00”: 999. 
1 The courſe is N. 739 43“ E. or ENE. 4 E. 
niwer © The diſtance is 999 miles. | 


UEsT. XI. A hip from the lat. 10 38“ V. and bound to a port lying 
282 miles to the S. b. S. after three ſucceſſive days of bad weather, finlds 
herſelf in lat. 30 58' N. and 120 miles to the eaſtward : Required ber preſent 


The figure is conſtrued by art. 30. 


In the triangle ABD, find AD and BD, 


Lat from 109 38'N. | AE = 40 BD = 
Lat. in 3 58 N.“ AD = 234.5 | EC = DF = 120 
Diff. lat. 6 40 = 400m. Drer = 165.5 BF | = 2766 


In the triangle CFB find the courſe and diſtance; 


As CF: FB:: rad. : t. FCB. Or 165,5:276,6: : rad, : t. 590 &, 
As ſ. LFCB:FB::rad : CB, Or ſ. 59%: 276,6::rad.: 322,4. 


Courſe is N. 506 W. Or NW. b. W. Z W. 


Anſwer f Diſtance is 322, 4 miles. 


QuesT, 


. . eto mcg an aan 
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Quxsr. XII. A faip in the lat. 170 10' N. is bound to a port in the lat. 
F 13% 10'N. the departure being 180 miles weſtward, ſails theſe courſes. 
1itSW.b.W.27 m. 2d WSW. IW. 30 m. 300 W. b. 8. 25 m. 3 Zap 
4th. W. b. N. 18 m. 5th. SSE. 32 m. 6th. 88 E. ZE, 27 m. * 
3 ber preſent latit. and the direct courſe and diſtance to the deſired 7 N\ 
mw 22 1 Es 


The figure is conſtrued by art 39. Departed lat. 17 10˙N. - BW 
; 5 0s Lat. bound to 13 10 N. ten 


„ 


. 113 v E47 TABLE Diff. lat. 4 00 =240m, | Th. 
5 8 . E. W. 4 5 PE F N . bo : 3 1 
3 — | co £ : * 5 1 DB 
* : >» I | 3 I 
15,0 424 „ : —= 
9.5 28,7 : ; > 82, 
4:9 | 3 | nil. 
1757 . 
29,0] 12,2 = 
23,1]13,9 | ; vB N. 
24,50 49 and 
1 2 
39] 36,0 1459 5 
— — : 
3-6] 172,8| 45,993, 3 
3,6 _— 4 | | Q 
' . N TILL - D bear: 
' | ” ROT + ID. lat. 169, 2 Dep. 47,4 CR E©llot 
Now 17 10 N. Dep. lat. | And ad=240,0 | Alſo D = 180, 88 
60) 1690 2. 49 8. Diff. lat. AE=16g9,2 CE= 47,4=FD | 
14 21 N. Preſ. lat. | ED 70,8 | BrF=132,6 


In the triangle cn; 
To find the courſe. CF : FB:: rad. : t./ FCB. 
Or, 70,8: 132.6:: mad. :t-buY. 54. 

To find the diſtance. ſ. FCB: FTB: rad. : CB. 
Or, ſ. 61 54”: 13246 : : rad. : 150, 3. 
The preſent latitude is 14 217 N. 

Anſwer 5 Courſe is S. 619 54” W. of SW. b. WI W. 

Diſtance is 1 50, 3 miles. 


In this queſtion A is the place the ſhip ſails from. 
B is the place ſhe is bound to. 
c is the place come to by the traverſe. 


And CB is the rhumb ſhe mult ſail on to come to By 


3 
1 
i 


Ques?.) 
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| vesT. XIII. 72 riley noon wwe tere in latitude o 1 8. and bound to 
3 2 2 bearing NE. $i 2 E. in latitade 2915 'N.; 3 by the dd we have run 
1 © the PONY courſes, VIZ, | 


; NwW 25m. NE. b. E. 28m. E. b. 8. LF. 32m. NNE. arm. 
3 ESE. 2 E. 24m. NE. b. N. 30m. WSW. 24m. 


* Required the ſhip's place, with tbe aired cove and N fo te in- 
by tended port? 


r be diff. lat. ap=150 m. 2— . | 
In the wrhogle ADB, the departure 
pz will be found to be 123m. 
In the traverſe, the diff. lat. AE 
82,0; and the departure Ec=755 2 
z miles. £ 


*X Tn the triangle CFB, where CF 
2867.43 47,81 the courſe * — 


3 1 
* 
o* 


20 5 * 
N. 35% 140 E. or NE. b. N. E; 7. eee 
and the diſtance is 82,51 miles. „ 2 
8 S : A 3 8 
LY # 
RK 8 


4 25 


I Qorsr. XIV. 4 ſbip from the latitude of 18 14/ N. is baund ta a port 
bearing ST. b. S. AM. and 138 miles to the weſtward; having ſailed the 


ollowing courſes, vix. 


SSW. 22m. S. b. E. ZE. 38m. NNE. 1 WSW. 57m. 
NNW. 45m. S. b. W. Z W. 50m. 


*; 7 OY As the ſhip”s face, with the direct I and diflance to the defired 


bort? 10 Av 
In the triangle aps, the diff, lat. KN. 
Ap will be found to be 168,2 miles. E * 
In the kraverſe, the diff. lat. AE 8 ES : 78 % 
= 57m. and the departure CR = 2 ————.——9——.——4 
Vo, zm. : . i 
In the triangle er, where = Y Pl 
2711-2; FB=67, : as 
WE The courſe is 8. 312 200 W. or: C ＋— E 
SSW. 3 W. : "4 g 
be diſtance is 130, 2 1 : | | 
Katit- from 189 14. N. | 
Diff. of lat, 0 57 8. 
tit. in OY wM; 
= — 5 is D 
T. 4 
Qu sr. 


2 


. Qvksr. XV. A ſhip in the lat. 10 co' S. is bound to a port in lat. 7] 

Wl | 0 > > IJ? . 1 ( 
b 1* 10' N. diflance 220 miles in tha NIV. quarter ; and meeting with con- ti; 
K trary winds, runs the following courts, via 4 25 
b NE. b. N. 63m. NW. ZW. 85 m. North 96 m. NNW. 85m. 55 
F Required the ſhip's place, and the courſe and diſtance to her port © 
1 In the triangle ADs, the courſe * E - 
| DAB will be found 539 47/ ; and 1 
| the departure DB=177,5- miles. | I 
In the traverſe, the difference of 7 
x lat. aE=285,9. | fi 
\ The depart. Bc=61,3, 2 
1 In the triangle CB. 1 
Il Where cr = (Ar- ADS) 155, 9. A 1 
| BFS (DB—CE=)116,2. 1 
N The courſe FcB= 369 427. . —1 
f The diſt. cB=194,4. * C 
| | The pref. lat. 30 46'N. 2 1 

Anſwery The courſeSW.b.S.*W. —_ 
; Diſtance 194, m. 28 # 

5 „ = 2g Q 
|  Quesr. XVI. A. pip in the lat. 19 36 N. is bound to @ port lying to — 
? the & taſtward, diflant 420 miles, and 180 to the eaftward; and having ad 
i plied on the following courſes, viz. | 2 
g SE. b. E. 59m. SSE. J E. 84m. S. ZW. gm. WSW. 43m. — 
14 W. b. N. 25m. S. b. E. 4 E. 62m, ESE. 89m. E. b. N. 37m. 

Ii ESE. ZE. 95m. | f 2 
9 | Deſires to know her place, and the direct courſe and diftance to her port? ty 
il | 

{ | | In the triangle ADB. f * 
14 The courſe is S. 25 2 E. * of O 
1 Tbe diff. lat. aD=379,5- 5 £ 
| | In the traverſe Akc. 3 — In 
1 The diff. lat. AE= 324,2. Wy ©. 1 
1 | The depart. EC=247,4. | % | 2 O 
1 The pref. lat. is 30 4878. = 7 

In the triangle cy B. | 6 

The diff. lat. CF =55,3. | 5 

ö Departure FB=67,4. 4 

Courſe is S. 50? 38 W. 8 

Or SW. FW. | 7 

The diſtance c8=87,18 miles. F. n . 

N 7 BY 1p 1 


74 
4 
E 
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= Quesr. XVII. 4 ſhip from the latitude of 49 10“ N. being to make an 
land that bears NE b. N. diftant 196 miles, and having. run thefe courſes, 
= viz. NE. ; E. 75 m. ESE. E. 42 m. NNE. : E. 52 m. N. b. W,. 34m. 

= ENE.Z E. 49 m. Jt is defired to know her preſent latitude, with her airect 


4 courſe and diſt ance to the land? _ . 


In the triangle ADB. | D 2 F 
The diff. lat. Ab 163. 8 

The depart. D 108, 9. 5 

In the traverſe Akc. : | C 
I be diff. lat. aE=128. FT. 
0 The depart. Ec 160. ts 
And the preſent lat 6* 18” N. hag of £320 

In the triangle c;. „ Fo 

The diff. lat. CF=35. * | ; 
The depart. FB=5 1,1. 55 / : 
The coutſe is N. 55? 36“ W. ; A; 

Or NW. b. W. nearly. „ 
The diſtance cg 61, 93 miles. *., 


LS ITT LILLE 
* 


= Quesr. XVIII. Two Hips take their departure from the Lizard in lati- 
== tude 29% 57 N.; one bound to St. Michael's, which lies 715 m. to the S. 
and 745 m. io the wet; the other bound to Liſbon, lying 661 m. to the S. 
and 215 m. weſt, reckoning from the Lizard; they fail in company SI. 
2. 610 miles, and then parte uhat is the direct courſe and diſtance ef 
ach ſhip to her port? | 


In the triangle Abc. w 

The diff. lat. Ab g 387 m. 5 
The depart. Dc 471, 5 m. | ; | : 
In the triangle col. | \ £ 
The courſe is S. 439 O)“ E. ; 21 


Or SE. b. S. 2 E. nearly. 1 
The diſtance 12375, 3 m. Pn 
In the triangle chu. 

The courſe is S. 39 40“ W. 
Or SW. b. S. 1 W. nearly. 
The diſtance cM =427,1 m. 


By 
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_ Quesr. XIX. A Hip in lat. 439 20' N. long. 15 107 I. is bound to 
St. Michaels, bearing 8. 46⁰ 16” V, in the lat. 38013“ N.; and from 
thence ſhe is bound to Madeira in lat. 322 * N. and diflant from St. Mi- 
chacl's 514 m. in the SE. quarter : required the diftance to St. Michael's, 
the courſe from thence to Madeira, together with the courſe and diſtance from 
Madeira 10 the Iſland of Palma in lat. 28% 35” N. long. 17? 157 TY“ 


: 7 AA 22 LAS 
Is f 2 tb od 
In the triangle aBc. RC «| EE” "of 
The diſtance to-St. Michael's, ac=444,1 m. „ CFP 
> — . ; \ , boots! | act? " 4 
The departure Bc 320, ꝙ m. 0 33 


In the triangle cep. | 

The courſe from St. Michael's to Madeira is 
S. 47? 27 E. or SE. ZE. nearly. 

'T he depart. ED g 378, 2 m. 

In the triangle pF. 

The courſe from Madeira to Palma is S. 380 
or“ W. or SW. b. S. + W. nearly, 

The diſtance DG g 292, 3 m. 


OursT. XX. Departing from St. Mary's, one of the Azores, and bound 
to the river Sierra Leon, after 4-16 H So . 36 _ 7 7 * an _ 
y fea compaſs was ſpoiled by a flaſh of lightning ; then after 8 aays wire 
1 8. 2 1 * 2 tip A lat. 209 oo N. long. 36% 100 V. 
and bound to Mayo, one of the Cape Verd Iſies, to which ¶ failed in her com- 
pany : reguired my courſe and diſtance in the 8; days run; alſo the ſame, while 
[ Jailed in company; and the ſame, from Mayo to Sierra Leon. 1 

In the triangle ABc. : a - + EW : 

The diff. lat. =depart. or AB * | 
BC=178,2 m. 

In the triangle ro. 

The courſe was S. 499 O7 W. 
or SW. Z W. nearly. 

The diſtance co g 1286 m. 

In the triangle DGr. 

The courſe to Mayo at 1, was 
S. 71% 51 E. or ESE. © E. nearly. G 

he diſtance Di =901,8 m. | 

In the triangle 1L M. | ls. 

The courſe to Sierra Leon at u xX 
was S8. 55 05” E. or SE. b. E. nearly; and the diſt. 11 g 714, 7 m. 
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OBLIQUE SAIL 
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Book VII. P. L.? AIN E S ATLTLLUNO. — 
4 SECT TON Vl. ma 
41. Of oblique Sailing. 
In the preceding ſections the bearing and diſtances of places were 
determined by the ſolution of right angled triangles; but at ſea there 
being many caſes in which only oblique poſitions can be obſerved, there. 
ore it is neceſſary to ſhew how ſuch caſes are to be ſolved ; which will 
be amply illuſtrated in this, and ſome of the following ſections. 7 
X - Teo ſet an object is to obſerve what rhumb or point of the nautical- 
compaſcs is directed to it. ke | IE rg Log 
EZ The bearing of an object is the thumb on which it-19-feen3-and-the 
bearing of one place from another is reckoned by the name of the rhumb 
paſſing through thoſe two places. {A bis ine 1 
In every figure relating to any caſe of plane failing the bearing of a 
hne, not running from the center of the circle or horizon, is found by 
| drawing a line parallel thereto, from the center, and towards the fame 
uarter. 5 
1 7 Fhe figures belonging to the queſtions in this ſection are ip Plate VII. 
& at.the end, in which the figures are referred to by the number of the 


os 


/ * 


334 


| *QuesT. I. Two ſhipt, a and n, ſail from two Tſlands bearing the one 
| from the other NE. and Sill. their diftance being 76 miles; & ſails S. bs E. 
and n nuns H. b. S. at laſt they miete: Huw far has each fails? 


. 
| | ConsTRUCTION., With the, chord, of 60 deſcribe a cirele cepre- 
| ſenting the horizon of one of the places ſailed from, ſuppoſe of a, the 
northern; draw the meridian Ns, and at right angles to it draw the pa- 
e 5 767 o7tg: on © iS I REESE 
In this circle lay off the S. rhumb's , the S. 3. E. thumb s , and 
| the E. 5. S. s * through o draw AB equal to. 76 miles: oro, 
Through B draw RC parallel to a , meciing ac drawn through p. 
Then a and B repreſent the places failed from; a 8c the diſtantes, 
and the angles sAc and Sam the courſes which euere e mtled when 
| they met at oo 8 N 4. l 
| The diſtances ac and 2c may be meaſured on the ſcale which AR was 
taken from. 798 HOOD TU I | 


5 93 4s Heat i Prat 
+: _ N "1:0, 40; WR n «4 P 
e 285 8 5 3. N . 
r e . K * * 
r N 1 
„F 3 5 
My DOR ks CLE tv! r e 


. þ WF. 1 4 1 1 $0? PN 1 
I ern mon norte : : 3 
Cour ur AT ION. In the triangle ABC there is given one ſide AB, 
| and all the angles, to find the other ſides. | ng 

Ihus, CA =S pts. = 569 15, For so andes p make 5pts-meaſ. ZA. 


4 =5 Pts. 56, 15. For BC.is paral. A n; and gB=/ ran 


17 P L : # vs on — * ts; 
* N N { * ak 10 one "0b 6 e 15 N f * 4 2 . 

„b pts'=67 30. For pe is paral. A 43 dg een 

S | a . . \ "$2 0 5 A K\ 3 x « * Js $24 L 

| [ 95)= 6p ts. 


Therefore the ſolution belongs to Problem I. Bock III. TEX: 

And ſ. c; Ab AAR Or, As $6:%30% 76-8. +: 1,56 15/268,4m. 

== Now. LBA: Therefaxe Ac is equal to . K. 40g) 

4 A fails S. h. E, 68, 4 miles. iR 

2 Anſw ; L > 32 2 4 miles. Sui emen 

Eo . CB fais k. bi $844 Wilkes. la e 
br "x. * Qersriox 


\ 
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Qurs rio Il. Coaſting along ſhore, a headland bore NE. b. N.; ; then 
Eaving run E. b. N. 15 miles, the headland bore NM. NIV, 1 pciagies the di- 
fance 75 em the headland at each time of ſetting. 


The conſtruction and computation of this queſtion is made as in 
Queſt. I.; c being the headland, and as the ſhip's run. 


$5 84496 m. at firſt wg 
Anſwer, the Gage | 1s 71 078 1 ml at ſecond 


— 


, . 4 


* 


Quxsriox III. In doubling a cape, J Abu caſtle up a river bore 
4 N. then running NIW. 6 miles, "the caſile bore 2755 0 * my 
diftance from the caſtle at euch time of ſetting. 


Here c is the caſtle, and As the ſhip's run. 


Anſwer, the catle's diſtance at] füt is AC = 14-48 n 
Fa 5 e 4 


— he 


QuesTION IV. At noon a headland bore NT. 5. N.; then failing NNE. 
5 males an hour, we anchored at g in the evening in a creek 18 leagues diftant 
from the headland : required its diſtance at noon, and bearing from the creek, 


Cons Taucriox. Having deſcribed the horizon, and drawn the me- 
ridian and parallel, in the meridian take any point 4 for the ſhip's place 
at firſt : draw the NW. b. W. and NNE. rhumbs, and parallel to them 
draw AB, Ac. | 
ques ACZ45 m. (=gh 3 * 5 m.): * from c with 54m. (=181. 
J cut AB in B, Then is B the headland, and c the creek. | 


eee Here is given the ſide ac =45 m.; the fide cg 
=$4 m. and the ZA =78® 45 = 7pts. for NW. b. W. + 55 for 
NNE. 7 points. 
Therefore the ſolution falls under Problem I. Book III. 45. 
And £B=54? 407; therefore C40 267; and 2 39,9 miles. 
Draw ao parallel to CB, then cAS E. 0 a n=54® 4 
Therefore £00n—4naw=lZoaw=21% 043 which taken from 
„J diſtance at noon is 39,9 miles. 
Anſwer, hs beadland's of bearing from the creek is 8. 68* 56“ W. or 
| WSW. 4 W. nearly. 


| 
| bl 


ah. - + 
— 


N v. A ſhip after ſeilag SE. by S. 62 leagues from her port 
V. meets another ſhip that had run 124 leagues from à place 
bearing 1. K. of the por? the ſhip departed nd what wet the iy 


chr. ir th diftance f the two ports ? 


The conſtruQtion and computation being 8 as in the lat, A and 
B repreſent the ports ſailed from; and c the place Ar as veſſels met. 


The diſtance of the ports is 72, 18 leagues. 
b. e floop's courſe dongenia. 5803 E. or SE. b. . 2E. — 


VES TI ON 


— 
* 


7 

4 

6 B 2 
4 


_ 
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Qursrion VI. 4 merebant ſbip meeting with a foip of war which had 
3 failed SE. b. E. 39 leagues from the latitude of 4.5% 30 NM. informed them, 
| that ſhe had been plundered the day before in the ſame latitude; and had ſince 
run 67 leagues on a direct courſe between the ſouth and weſt; and that the 
pirates were cruiſing about the place where they robbed her : what courſe 
muſt the man of war fleer to come up "with them? 


Suppoſe a the place the man of war failed from, B the place where 
the merchant man was robbed, c the place where they met; then the 
man of war muſt fail along cs to meet the pirates; which courſe will 
be ſhewn by en drawn parallel to 8. ——— —-— 

Here the given diſtance AC is not drawn from the center of the circle 
repreſenting the horizon, but parallel to ce the given courſe; this was 
done, to prevent the figure from being ſo ſmall as it muſt otherwiſe 
have been, | V 

Here are two given ſides and an angle oppofite to one of them, to find 
the angle B oppoſite to the other ſide ac „„ 

Then cB;: f. CA: : Ac: ſ. 4B. That is, As 67 I.: ſ. 330 45 :: 39 l.: ſ. 
1852“. | | 

AxswER, The courſe which the man of war muſt ſteer is N. 719 
o8' E. 

For 4. ncB=4cBe (II. 95); and 90 Cn = EN. i 


% 


. f - — \ * 


I ; 


QukEsriox VII. Two ſhips fail at the ſame time from one port; one fails 


ESE. and the other SSE. : required their bearing and diſtance when each 
has run 374 miles. 

Here aB= Ac; therefore C EC. Now ZA 4 points; then 
Ce B= points. | 1 : 
 AnSWER. 5 bears from c, N. 45% E. diſtant 28,7 miles. 


6 * 1 5 — „ 1 VS 


QuesT1On VIII. Sailing on a SIW. co rſe at the rate of 44 miles an 
hour, at ꝙ o'clock in tha. forenoon a cape bore SE. by E. diſtant 15 miles : 
required its bearing and diſiance at 4 o'clock in the afternoon... - © 


 AnswER, The cape, B bears N, 685 08” E. diſtant 37544 miles. 
| Here the ſhip is at A at ꝙ o'clock, and at c at 4 0 clock e the two ſides 
Ac, AB, and the contained angle a =9 points, are given, to ſind the reſt. 


_— 
ä 


E IX. Wanting to know the breadth of a river in the mouth wo 
| which are ſeveral iſlands ; from a cliff on the eaſtern fide, I ſailed NNW. 
50 mites; and then running SS. 35 miles, I reached the weſtern fhore : 
== 7equired\the breadth between thoſe places. vs 2h 


Here, AB 50 m. BC=75 m. and £8=4-points ; required ac. 
AxSWER. The breadth between A and c is 35,35 miles. 


* 


Oy QuesT1ONn 
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UESTION X. From two' ports, hing under the ſame meridian, and diſtant 
236 miles, tw ſhips fail tnwards the eaſt, and meet when each has run ra 
miles * required the courſe of each. h 


In Fig. X. A and n are the Pore ſailed from, PE c the place te 
the ſhips met. Here are given the three fidgg; but two of them being 
equal, & the Joluyon 1 is Ealily f und! by drawing the perpendicular CD. 


. . (I-49) 
Arsen. A's courſe] is 8. e 300 E. and B's s courſe No ye” - he 
— * — —— 1 21 * 


Gers XI. Two fhips Anf at fea, fr they had ſailed' PREY tic 
ports in in the fame latitudr, and diſtant 576 miles : the ſhip from the weſtern 
por? had tun between the N. and E. 328 miles,” and the py £4 had failed 416 
mile; : 1 tr.6y the _ ere by each | SED | 


A and B are the ports failed from, and c the lacy where ths hips met. 
From the three given ſides, the OR mY be found mm B. III. oy or . 


— + * 


QuesriIor XII. I ep n three 7 caaed round a triangular- Maped 
iſland -_the ſirſi day ſhe ranged along one ſide, and her courſes reduced to one 
was SH. 5 55 64 miles; the ſecond day's diſtance was 106 miles between 
the S. an and that , the third on th was 83 RA : required the aired? 
cou? fes of the feeond and third days.” © wy 


4 
* 


In Fig. XII. dhe firſt day's diſtance ig AB, the ſeeond nc, the inks Ac. 
And the figure is thus conſtructed. 

Having deſcribed the horizon, and drawn the meridian and. "parallel 
(22), their interſection A is taken for the place which the ſhip” fatled 
from ;. draw the SW. rhumb.as=64 miles; from A and B. deſcribe 
. with the daun 300 and 8 3 3,40 their. Interſection 0 draw the * 

Ae. NR n 4} 

Pas- the nie A bare to BC, ** continue A tos. 

Then the are sr meaſures or gives the ſecond day's courſe. 

And the arc « » the courſe. of the third day. 

Now the angles being found by either, method; as i in Book tl 62 
the courſes Lill be thus obtained;'» 20! © 15 4 1 © of) * 

From Z Bac take eee £540, there remains e Dig GA 24 


—— > - 


8 ve, or e (II. 93) is the third ” 's: a" 


V. 


Aug. Tue ſecoud day! 8 courſe 15 8. 839 ag! 4 and the third day 1 


N. 46% 21 W. 


The directions given f. for this tath duedion may be applies to the two 
28 OCD. : rr 2 = 


ö qu rf felony 1 4 


2 85 | $4 Quksr. 
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Quksriox XIII. teh int) a harbour 1 obſerved tt 1200 landmark 5, the 
one bore H. the other 722 and after running 5 §. 378 miles, the ea/lern one bore 

VN. 580 30/ E. and the v0 fern one N. 47 20 IW.: 1 * di e 
em theſe landmarks at each time of ſetting them. 


The ſhip is ſuppoſed firſt at a, and to ſee the 1 C and D in 
the lines Ac, Ab; then ſailing io B, ſhe ſees the ſame marks in the lines 
| BC, BD, drawn parallel to the given rhumbs A, Ao. 

Here are two right angled triangles Bac, BAD to work in; chere be⸗ 
ing known in each, the fide AB, and all the angles; whence the ſolu- 
= tion will be as in Book III 45. 


' 


Ly 


ANSWER. AD=3,58 m. beds m. BD =4487 m. . 8£=6,316 m. 


PR ho 
3 


RW * — 


* 
— 9 ä 


i 8 xiv.- 2 FE. ſhore J 3 2 ſands, the one 
ore H. and the other V.; — ſailing SSE. E. 164 miles, the weſtern 
fand bore NIV. b,W I IV. and the eaflern bore NE. & E.. required their 
diſiance at each time of ſetting them. 


—— ** 


—— — — —— —— woe 


= . Here are two oblique angled triangles to work in in; — the {lution 
+I will be as in Book III. © 543 Vere NG |! one * AB and all the Angles 
1 4 * 


963 
11 


* — — 


* 


| Ae 5 ACS 19,45m. ap=2gigtin. . e e W 


—_ 
* 


0 Fe XV. the * By e, b, „ e 2 the pa regd As __ 
RE 22und to different ports hing in the fame. ar alles of latitude; n caurſe ie 
NI, b. N. diſiance 12 miles; C's, caurſe ME. b. E. ; and Þ's counſe i 
EME. E.: required the diſtance of, C and, D en n Hate and alſo the 
BE dance of theſe por ts from one another. * 7 1903 3% vii 


* Having deſeribed the 8 and I che meridian and parallel, 

let their interſeclion c repreſent ois port; draw. the given rhumbs do, 

on, or: make Co=12 miles; produce ac towards A, and parallel to 

1 A draw 0B, meeting the welt; line in B; draw BA parallelito e c, and 

draw AD parallel to cr, meeting the 'caft 5 in v: then A is the port 
ſailed from, and n, C, p, are the ports bound to. 

| The ſolutions of theſe triangles are the 1 as in Book III. 543 bad 


being given, one fide and all the angles. V 2 70 
Thus K RAC 1 
us L BAC=8 points, .4B=5 points, LBGASS. points, . 
The £BAD=gE Points. 4 212 point. ie 1 wen N Win 


Aux. . 99, AD= 34-36 . vc=21,6m. BD= =39,56 m m. 
— . #3131 (31 MA. 0 QB] Tos; 
141 N! JED. t ); 


O 


D 4 * QuesT10N 


r —-— 


4% PLANE, SAILING.; Rook VII. 


rs Trion XVI. Two ſhips, A and B, ſail from the port C3 ei 3 
ear ing and di-. 


SSE. 50 miles, and 8 WM. b. S. 40 milis: required their bearing 
Hance ; and bow far A is to the fouthivard and eaftward of B. 


Deſcribe the horizon, draw the meridian OSS Wat their in- 
terſection c repreſents the port ſailed from. | 
Draw the given rhumhs, in which take CA=50, CB=40: then A 
and B repreſent the places to which the ſhips are come. | 
Draw 4B; and through s draw the meridian BD, meeting the paal- 
let aD drawn through A: then gp is the difference of latitude, DX the 
departure, and A thews the bearing and diſtance fought. BY 
In the triangle 8A, find the unknown angles, and fide 84 by art. 
Draw Cn parallel to BA ; then SATZ cAs (SAC (II. gs) gives 
ses the bearing from B to A: and sc taken from 9oꝰ leaves 
Sap: hence BD, DA, are found by art. 52. Book III. 


© AnowER. BA=43,33 miles, BD=12,93 miles, Ba=41,36 miles. 


the bearing from 8 to a'is S. 720 38 E. 


ͤ— 


.  QuesTion XVII. At ſun- riſe, being four clock, a ſbip ſaw a ſſaop to 
he VN. and a brig to the E. 5. N. ve of came 15 27 8 ade jy 
—_ at _ ee each wr run ſince ſun· riſe five knots an hour, and 
e ſhip's courſe was due north : required the courſes ſailed by the flop and 
brig, and their diſlance from the hip in the 2 Ms 55 fag * 
Draw the NMI, and E. 5 N. rhumbs ao, an ; aſſume any point p in 
the meridian line for their anchoting place, and in the fame line take 
barg 25; miles=the- diſtance each File 1 through A draw Ac, AB, 
parallel to 46, an, and on D with the radius DA deſcribe a circle cutting 
4c, AB, in c, B: then 4 is the ſhip's place, c the ſloop's, and B the 
brig's, at four in the morning. e © 
Now Cc g DAC=L Pp ao=6 points; therefore C Apc=4 points, 
"And'Z7B=ZDaB= CD oF—7 poimy ; therefore LADC=2 points. | 
"The fides ac, An; will be found by art. 56. Book II. 


DM. 9:4 CAGE 3-miles, and C's courſe is NE. | 
, Anſyer | BAZ9:755 miles, and B's courſe is NNW. 


P S 3 — 1114 re, 4 1 7 : 1 8 —— 
. III £+; »f ? OZ Hife! Sth a 


QuesT10N XVIII. Having dropped anchor, in very deep water, * 


„ 4 + 


Draw 


L 


bal . 
bf 
= 
Nx 
* 
1 
* 
2 
3 
* 
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2 
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Draw BD perpendicular to CA continued; then = repreſents the an- 
chor, A the buoy, c the ſhip, and BD the depth of the water. 

In the triangle Age find (HI. 50) the angle acs; then in the right 
angled triangle DB, the ſide cB and all the angles being known, the 
XX fide BD may be found, as in art. 52. Book III. 


AxswzR. The deprh of water Ds is 48,71 fathoms. 


— 
— — — 


> UEST1ON XIX. Coming within fight of two headlands bearing North 

and South of each other, the ſouthern one bore from the ſbip due Baft, and the 

"XX ther NE. B. E; and after ſailing due Eaſt 5 miles, the northern headland 

XX bore NE. b. N. J E. r required. the diſtanct of thoſe  headlands from one 
| another, and their diſtance from the ſhip at each time of ſetting chem. 


0 In the caſt and weſt line take Ba=5 miles; draw the NE. B. E. 
and NE b. N. E. rhumbs BA, {BD ; through a draw àn parallel to Bu, 
meeting go in D; draw pc perpendicular to aB continudd. 
hen Þ and c are the headlands ; A, B, are the ſhip's places at the 
= times of ſetting them, and AB the diſtance failed. 
| Now ZAS (Cen by II. 95=) 3 points; the 4DBC=44 points. 
Then Z ABD S114 pts. (II. 91); 4 aDB=13pt- and 4 BDC=3Epts. 
In the triangle ABD baying the fide as, and all the angles given, find 
the fides AD, BD, by art. 52. Book III. 4 
And in the right angled triangle Bcp, knowing the fide BD, and all 
che angles, find the ſides Bc, cp. 


ANSWER. AD=1%31I m. BD=9, 565 m. BC =6,07 m. cD=7,395 m. 


i 2 1 A 


— my f LADS = —— 


EF  QuesrTion XX. Having caff anchor, I obſerved the beatings of a tower, 
= 2 mit, and a lighthouſe, known to lie due eaſt and weſt of one another; the 
= wer bere I Sl. the mill SW. b. S. 3 IV. and the lighthouſe & b. M. Al.; 
dle di/tance of the tower from the mill is 5% miles: how far are each of thoſe 
== jects diſtant from the eee nne 


. 
* 


Draw the given rhumbs nr, Bo, zn; make BA 5! miles; continue 
en till it meets ap, drawn parallel to Br, in p; draw DC parallel to an-: 
chen p reprefents' the ſhip's place, A the tower, 'B the mill, and O the 


lighthouſe. 55 | | | 
TY \3 7 = "TY YT. An aw yy. \\ e * V. 
l The angles are made out, and the triangles are ſolved, as in the laſt 
1 19 {45 10 19145 13 i Vt . l 2 Ban 8 


ö queſtion. [TS 1} #1 © 11103 5100 La (3398) i 21184 FL: 
ANSWER. ,DA=9,021|m. DB= 4, 466 m. Dc 3.6 m. and nc 
1,785 miles. ils eins DI 5 7h $14? Bits 62: V3 47 
1 thy Mitt e k | ; 1800 1811 444 „„ „n 88 1 ache B ' 
Wy #3 ' IST : 4 [ 
' & : ot 1 1 
20 9 ELECTION 
* * > | e | 
7 « 1 n 's W : 
& i > # nl , ; + 
it 


* 


42 PRI E S 51 LING. Bodok VII. 
ee B. CTION VII. 72 
neden e . i * 


&. 2 40 wo RE 


. 


42. When * wind is dively; or partly, _ a bp s dire 
courſe to the place ſhe is bound to, ſhe reaches her port by a kind of 
zigzag, or 2 like coufſe; which is made by failing withithe wind firſt 
on one ſide the ſhip, and then on the other ſide . | 

In a ſhip, and looking towards the fem or bead, 
STARBOARD fignifies the right hand ſide. 3 
LazBearD the left hand fie. | 5 
FonwanpDstor AFORE, is towards the Rest or em of- ths mip. 
Ar or Asarr, is towards the hinder part or ftern; ' © 

The BEAM fgnifies errant or er the middle of me "ſhip. 


+ &2I5T? {3 


\#\ 
171 1 G 


42; When a ſhip ſails the ine way that had wind les de is faid 
to fail or run before the wind; and the wind is aid” to be right ft, or 
Tight aflarn; and her courſe is then 16 points ftom the wind. 

When a ſhip fails with the wind blowing directly acroſs her; the is 
faid: to have the wir on the beum; and her courſe 18 5 cight points from 
the wind. 

When the wind blows obliquely 3 the ſhip,, the wind, is ſaid to 
be abaft the beam, or before the beam, according as her couiſe is more ot 
leſs than eight points from the wind — 

When a ſhip epdeavours , to fail towards that point 1 the .compals 
from which- the 'wi nd blows, ſhe. i is ſaid to \ ſail on a wing, or to. Phy, to 
condivard,” 

A veſfef failing as near as we. can to the point fm Wr the wind 
blows, is faid to be cloſe habled., The generality of ſhips will lie within 
about fix points. of the wind; but floops, and ſome other veſſels, will 


he much nearer, . 


T2 
h ernten r I. 


44 The en or ke fide þ > that ſide 99 the 955 on eu 
the wind blows; and the other ſide is called the leeward, or lee ſide: 

- Tacks and ſheats are large ropes. made faſt to the lower corners of the 
| and main fails, by which either of theſe corners is hauled-4oie:& 
aft ; 

When hip ſails 4 a wind, the wind ward tacks are always hauled 
forwagtie, and the leeward ſheats aft. 5 ef 


The /tarboard tacks are aboard, when the ſtarboard ſide is to indes 
and the larboard to lee ward. 


And the larboard tacks are aboard, when the larboard ſide is to wind- 
ward: 2 and the ſtarboard to leeward. 


45. To know how near the wind a ſhip will lie; obſerve the courſe 
ſhe goes on each tack, when ſhe is cloſe hauled ; then half the number 


SAILING ON A WinD. 
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— 
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4 of points between the t two o le. will how, bow n near beider 
= ir vi Ilie. . = Ol E AVE» of 


456. The moſt common. caſes, in 1 40 ning. to TINO © be con- 
£ dell by the following nn 
Having drawn the meridian and parallel of latitude; (or: FN" an welt 
nc) in a circle repreſenting che horizon of the place, mark the place of 
= the. wind in the circumference; draw the rhumb paſſing through. the 
place bound to, and lay on it che diſtance of that place from the center. 
On each fide of- che- wind, lay. off, in che circumference, Ihe points 
or degrees eee how ae the ad the ſhip, can lieg and draw theſe 
rhumbs. 
WE Now'the firſt Pre, he he one ol theſe chucubs atcording/to.the 
WE tack the ſhip leads with. ” Draw: a line through the place bound to, pa- 
BE rallel to the other rchumb and meeting the firſt, and this will ſhew the 
79 courſe and: diſtance on the other ack] .. 7 .. 
| The figures referred tb in this feQtion are 1270 2 bade end; 
where rf ate * by the RES of the BARR: 


r * 


uESsTION I. n at north, and 1 by 1% 4 po * 
Bal to 5 55 on. 1252 beard. _ 225 5 within 6 


1 points | fo wind : at _ be 1 C wr ſes and Þflance þ on each 9 Foo tacks 
fo reacn jy rp AR 5 


* 
4 
: t Fg 4 \ 


5 oy £3.34 % + bak 2 0 i 
& 


The conſtruQtion erer, . ve. 1 is the pie of the 


rt'is'2 

- Now as the 1 Aal be her ſtarboard = a war 18, "Ja the wind 
blowing on her ſtarboard ſide, ſhe muſt firſt ſajl along the line gc drawn 
parallel to the rhumb-· An. which 5 6 points from the wind and the 
place where the other rhumb avg alſo 6 points from tlie wind, being pro- 
duced from à towards c, meets with BC in Ah po C, is the place 
where ſhe muſt tack about to reach her Wore wit S N wiad 
on. ber Jarboard tac, FE ASLE 

Here Bc being parallel to Ai, the Fan. by II. 95. 23's points, | 

And the AE (NA, by II. 93,26 points 3 hence Her; points. 

Therefore,” as CR RAC Bemlide-CAcyy 5 (I. 104) 


Now as orie ſide 4B, and all the 2 4 are — the ſolption falls 
under Article 45. Book III. T1 


Ihberefore,, As fin, 2C: AB :: : 6 nA. a1F 249; Fs 
jag As Gin: $a 900 25m. £8 Kin. 67 g 975 1 eas \ nd 
a [et 5 785 1 V 8. miles. 
er la N NE. 246 fan ICS 


* 73 l 
2 WU f Cen. 


* 


„ F&F+ 


„„ 


3 ** 4 


: | % u 
the wind, on lacking about JOtk fn obiehor neck. of the. ee 


7% 35 bh 2 7 
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* 


SN The diſtance as from the port is 10 oh leagues. 
| FE 1 Ibe run CB BIS 11 of 299; and 62 1 775 from * * 


* 3 
doo i, *%. + ,— þ 3 Fo P o -@ Ns —- — 
* 


Ga 
—— — 


ant Iv. 4 is being ae a bearing SSE. and e 
rd, having Tun on ber larboard 777 31 rig within 63 points of 
rom — 


£5... ut fbe Fun on her *“ 8 
ond eee . * MS opts 


| 55 gere the 6de ace therefore 8 & 
<a; — 5 Pts. Allo * 9 A PS... y Therclor £Nan 
; 2271 Poipts. n 1 2 
5 W Starboard EPs E b. N. 2 k. ems 3 the wind. 
45 | 


& 


Fhe 25 diftance at wt WOO MES 


— i SY 2 1 IT < : ay *% 20M 
OLE 4 975.4 + > 2 ; ——— — — 
© Quns710n v. PP 15 ? 55 with a wind at VME. ſees a 2 


| vateer 

on her 3 is, that had jufl doubled a point 18 miles to the . b. N.; 
thi b run ert within 6 points of the wind; the priuatcer gave 
chaſe at the 2 eight Fnots an bour, and in four hours came up with her : 
required the Joop? s rate of failing, and alſo the cour fes of . both veſſels, 


| Draw 3A to the E. 3. C. and Fe” F to 18 miles; on A with 22 m. 
84, cut the rhumb ne, drawn fix points from wy wind, at 2 Then 
the 


1 
# . 


Book VII. 
sten II. 1 bi br f is bound to 4 port 80 miles reti) to wind. | + 


3 


ward, at NE. 5. N. I E. propoſes to reach her port at two boards ach, 3 — 

within 6 ints of the wind: required her 2 ur ſe and bn: on. 28 tack, . H 

| fo 47 10 4 Thy Wel F lying in the N W. 7 : 5 £ J | 

As n in che ME. quarter, and he ip 4 is to double a ſhelf 1 | wal 

in the N ee Ae muſt lead with her ſtarboard tacks; and run 

ning from n, ber place, te © in a parallel to the rhumb A u, 6 == 

_ points fem . the place of 'the wind; The chen tacks for her port a, in __ 
che direction of che thumb ia o, b poinis from w. 1 

The —_ of ſolution is e as in the laſt queſtion. 1 2 

d tacks N, W. 104, 5 miles. | *Y wor 

1 2 2 * 50 wks ESE. J 1965 wile. ne 

4 BY cour } 

At - rags IAE 2H E722 7 mm 1: 

| 4 þb Wie a 7 NNE. 1 muſt 420 and 

a cape to 225577 2 * ſhe having run 2 larboard tack 1 1 1 7 | E M 

within b points of the wind * 54 at NV. b. E. the port bore NIP. b. WW. + ſees 

It ts requayed, near the wind ſhe muſt lie on her flarboard tack, and what from 

i the difiance of the port at each time of ſetting it IF 1 

Here 4 is the place of the ſhip: at fit 8 the port. . to; 4c is be . 

run on t  Jarboard tack, and CB that on the ſtarboard tack. 6 ——Y 3 


7 ihe privateer is firſt at A, ſees the-{lovyy at B gives chats along the Ine 

Ac, and takes the ſlooꝑ at C. anch ne ne er to ac ſheus he 

1 privateer's courſe from the nort n. : 8 

| Here are known two ſides, AB, Ac, and the 248 1 points. 

1 15 1 $a 

8 We On The "i fails NW. at the rate of 3386 m . er hour="" 3 
. 1 The privateer's courſe N. 639 12” W. 


* 


F 
ed +634 14th 445 48 ” 4 4 1 ih 


0 1 n nn wb 


QUESTION VI, 1 within , 160 of ny port, bearing N. 75 ps ZE. 
>| 4 ant 18 miles, a freſh gale ſprung up at N. E.; iben running 48 miles on 
US 4 my larboard tacks within fir points of the wien I tacked about-: ER the 
> | courſe and diſtance to my port. 


| From any point A draw AB, Ac, parallel to a o, an, * NB. 2 4 E. 
and ESE. rhumbs, the latter being ſix points ſrom the wind at NE. 
Make ABZ 18, Ac=48, and join Bc. Then the ſhip, at a, firſt 
ſees her port at 8, and failing from a to c on the larboard, muſt go 
from c to B on the ſtarboard tacks. 

Here then are known two ſides, and the included angle anti points. 
| Therefore the ſolution will be as in article 48. Book III. 


ANSWER. The ſhip has to fail 49,58 miles on a courſe N. 57 3 » W. | 


— 


— 7 A 


71 QUESTION VII. 4 iis bound to a port met a or that had failed from 

| thence SSI. I W. 325 miles, the wind being at N. b. E.; afterwards, the 
| ſhip having plied on her larboard tack for three days, met a veſſel which had 
| failed on a dire? courſe SH. b. E + E-442 miles, fince ſhe departed from that 
W port : required the ſhip's courſe and diſtance between her meeting thoſe veſſels, 
and how near the wind ſhe lay. 


Here » is the port bound to, A and c are the points here the ip 
met the veſſels, and Ac the diſtance run; parallel to which, a line 3 
being drawn will ſhew the courſe-and diſtance from the wind. 


AnswER. The diſtance ac = 52478 m. The courſe is N. 79 "Ec 
64 n from the wind. 


P 


— 


QuesTion VIII. ne my flarbeard tacks en beard, I met a ſnow that 
| had failed NE. b. N. 284 miles from the port J am bound to, and next day 1 
| met a brig which had ſailed e thence: 326 miles, with the wind, then at: 

S. b. E., two'points abaft the beam : required: my cour mo and al "own 1 
the meeting theſe veſſels, and how near the wind I had lain 


Here B.is the port, A and c the places of meeting. 
There are known two ſides and the contained angle. 


The ſhip had failed'S. 64 6“ E. 44 pts. from the wind. 
ANSWER. ne di ice run was 12579 miles. 8 


Queg3TiON 


1 
_ 
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Durs rio IX. The wind at SW." and a ſhip phing to windward, fir 
running 450 miles on her larboard tacks,' and 450 on her flarboard tack;, ni 
finds Ie has got 300 miles directiy to windward : ere her courſes, and 
how near the wind? ses 1 HA 3 Nr 


From any point 4 draw AB g 300 miles, and parallel to the wind 
rhumb aw; on a, 8, with 450 miles, deſcribe arcs cutting in c; then ibke 
lines ac, CB being drawn, will ſhew the diſtances run on each tac. 
The point c is taken towards the VF. quarter, as the ſhip leads with 
her larboard tacks ; but had ſhe led with her ſtarboard, the point e muſt MR 
have been taken towards the SE. quarter. ; bo: 
The rhumbs a0,” an, being drawn'patalleFto ac, ch, will ſhew the di 
courſes on each tack. fo, th Os DW Se A 5 = * 
* Here are the three ſides given to find the angles; but two of the ſides 
being equal, the ſolution is readily performed, as in Art. 64. Book III. 


| f Courſe on larb. is N. 64 28 W. 1. 4 
A. f Courſe on ſtarb. is S. 25 32 E. I 64ps. from the wind, = 
QuesT1own X. A pirate gave 275 10 a ſloop, 15 miles abead to the im. 
and both on their flarboard tacks, the wind at N.; the floop finding ſhe 


le way, tacked about for an iſland in the NW. quarter, 11 miles diſtant 1 a 
From ber, and 13 from the pirate: required how. near the wind the loop muſi 


of 

* heb 

f in IV; "8 | 
23 
* 


run to fetch the ifland, and whether the pirate can lie up for it or nat. | 2 | 
. : NEAL Se CSIC IE 3 e = 7 041 
The floop's courſe is N. 10? og” E. 5 pts. from the wind. . 
Axewen. 3 The pirate's courſe is N. 66 54 W. 2 pts from the wind. ba 
| Therefore he cannot fetch the iſland. _ . 
R : * \ i 11 | s 
QuesTion XI. Being on a NE. courſe with my lar board tacks on board, | we 
an iſland bore SW. diſtant 12 miles, and my port bore NNI7.'; the diſtance 6 1 
of the ifland and port is 40 miles: now the wind is at NNIV. 41 W. and ] 
can lie no nearer the wind than 64 points: required how far I mul run on ⁵ . 
my preſent courſe before 1 tack about, and alſo the couiſe and diſtance I bave 
then to fleer. _ x | | Fu 
In a . chumb, from any point A, take, aC=12 miles; and on c as 
with a diſtance of 40 miles cut 4B drawn parallel to the NV. rhumb Bn 
an; now the rhumb 4 being taken 6 points from the wind, through Wn - 
B draw BD parallel to ao, meeting CA continued in o. l 
Then A is the ſhip's place, c the ifland, B the port bound to; Ap is Y: Om 
the diſtance to run on her larboard tacks, and BD on the ſtarboard. | 
In the triangle cpa there are known. Ca, CB, and /:.CAB=4C ant SS -- ; 
10 pts. z then finding a8 (III. 57) in the triangle aBÞ, one {ide and all dif 
the angles being known, the ſides Ap, DB are found, as in Art. 54. B. III. Wl pri 
The Co =cao=3 pts. LBAD=Z Dan pts. L AnD 7 pts. oY be 
be Ihe diſtance run on the NE. courſe is 59,75 miles. | 
ere i On the ſtarboard ſhe muſt run W. b. S. diſt. 56,28 miles. 5 
QUEST10N 
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E.. QuesTI0N X I. A hip ſailing cloſe by a point ſees two lighthouſes, one 18 
tte the NE. b. E. tbe other eight miles to the SE. b. S.; the ſhip is on 
., lar board tacks, within 6 points of the wind, then at SE. b. E : required 
ben far ſbe muſt run to bring the lighthouſes to: bear in one line; and tobat 
120 7/ be the bearing and diſtances of them from the pip at that time. © 


Prom any point c draw, cA parallel to an the NE. b. E. rhumb, and 
equal to 18 miles; alſo draw CB parallel to ao the SE.v. S. rhumb, and 
EE cqual to eight miles; join AB, and produce it until it meets the line 
cv, drawn parallel to @r,. a rhumb 64 points from the wind at SE. 
I ben c is the ſhip's place at firſt; A, B, are the lighthouſes ; cp the 
ZE diſtance run to ſee them in one right line DBA ; then a rhumb 45, drawn 
parallel to D a, ſhews their bearing at that time 
n the triangle Ach, knowing two ſides and the included: £\C=4nas 
Ss points, the other angles and {ide AB is found, as in Art. 469. B. III. 
in the triangle Ac, knowing Ca, the Cacp g Lnar rg 131 points; 
alſo the E found before ; the diſtance cD, AD are found, as in Art. 55. 
Book III. e "Ba . mM i wel 


| © The ſhip runs on her larboard S. bW. IW. diſt. 23,38 m. 
Axowen.) Then the lighthouſes bear N. 320 177 Kk. 
The diſtance of à being 38,66 miles, and of B, 18, 96 miles. 


* 


QuesTIOoN XIII. 4 Hip wants to reach a port bearing SIM. b. S. at two 
| boards, but muſt double a point bearing S. b. E. the point being 25 miles t9 
| che NE. b. E. of the port; the ſhip can lie no nearer the wind, now at SIV. 
| than 64 points : required her courſe and diſtance on each tacbz. 


Take c the point, 25 miles to the NE. h. E. of s the port; through 
draw CA parallel to B AH the S. % E. rhumb, and its meeting with o 
| the S. b. S. rhumb poduced northward, gives a the ſhip's place; 
then AD and DB being drawn in the direction of the rumbs Bs, Br, 
6 points from the wind at ww, ſhew the runs on each tack. 1 

In the triangle ABc, there are known Bc, 4 BAc=4 0B n=4 points, 
| £LABC=2 points, Cc lo points; then AB is found, as in Art. 55. B. III. 
In the triangle ABD, AB is now known, Z BAD == 5 points, 
| LABD=Z0Br=77 points, CD gz points; hence AD, DB are Pank 
as in Article 55. Book III. 4 | 


Courſe on ſtarboard is SSE. 4 E. diſtance 58,51 miles. 
Courſe on ſtarboard ĩs NW. b. W. 4 W. diſt. 51,85 miles. 


ANSWER. 


— — — — 


QuesTrIOonN XIV. A privateer lying behind a loto point which was b miles 
| to the Sli. b. IF. of her, ſees a ſhip to the SSH. coming out of a port d miles 
| diſtant from the point; the ſhip ſteered M. with a briſk gale at SS.; the 

privateer ſlipt his cable and gave thaſe within 64 points of the wind, and takes 
| her : How far had each run when they met? DOE | 


1 
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© 
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1 
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Take A, 6 miles to the ME. 3. E. of c the point; from c with 18 miles 
cut 4B, drawn parallel to co the SSE. rhumb, and B is the port the 
ſhip 


r 
- 7 N. 5 5 
i ws n n os , 25 
n . my {OS 3 N ue; 


p 
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ſhip failed from; then aD drawn 6 points from the wind, meetin 8 5p, : Q 
drawn N. the interſection n is the place where the privateer meet Rk 


the ſhip. | 


In the triangle-acs, is given Ac, cs, and £c az=4nco=7 point, WM 


to find AB. 


. 


LADB=34 points; find the ſides Ap, öh, as in Article 55. Book III 
ANSWER. (a ſhip had failed NW. diſtance 25,27 miles. 


Then in A ABD, where4DAB=4rco=10Fpoints, DBA =2 points, 


The privateet ſaited W. b. N. 4 W. diſtance r0,96 mil 


> . — neee 4 4 14 4 


—— — 
—  ; _ 
. 


QuesT1On XV. 4 Pip that con. lie within fo points of tht wink, 4. . 
an : 


a headland 21 miles to the NE. whith ſbe is to weather, in order to reac 
ifland, ꝙ miles to windward thereof; the wind being at eaft : What courſe, 
and how far muſi fbe go on each tack, fbe leading with the flar board? 


Draw BA=21 m. to the 8 BC=9 m. to the Ea, join Ac; draw 


AD, CD each 6 points from the wind; then A is the ſhip's place, B the * 
headland, c the iſland, AD the run on the ſtarboard tack, and De that 


on the larboard. 


In the & aBc, is given BA, Bc, AABC=12 points to find the other 


s, and Ac. 


Then in the A ACD, is known AC, and all the angles, to ſind AD,DC. 2 
Thus 4D=4 pts. ; ADCASZDCB+ £BCAz LCAD= 4 BAD+ 4Bac. Wl 


Wa On the ſtarboard ſhe runs 39,19 miles on the NNE. rhumb, 
ANSWER, 105 the lar board ſhe runs 23, 12 miles on the 88 E. rhumb. 


— 


Quxsriow XVI. There is a certain port to ſail into which, you muſt 
bring the port and a mill, 4 miles to the eaft thereof, to bear due weſl ; at 
which timg a beacon, 5 miles to the NE. b. N. I E. of the mill, muſt bear 
N. ö E. Z E.; you then ſteer —y the beacon, and from thence to the 

t : required the beſt win, in the 


from the ſaid ſituation to the port, 


In the V. rhumb take Bc=4 miles, and in the NE. b. N 4 E. rhumb 
take BD 5 miles, join DC, and parallel to the N. b. E. 1 E. rhumb 
Bn, draw DA, meeting CB continued in Aa. ; 

Then c is the port, B the mill, p the beacon, and a the ſhip's place. 

In the A BAD, . as BD and all the angles, to find ap. 3 

In the 4 cn, is given BC, BD, and /.CBD, to find the other angles 
and pc. : 

Draw the thumb o parallel to Dc; then the An Bo being biſected, 
will give the place of the wind as required. 6 


: She will tun on her larb. N. b. E. à E. diſtance 4, 105miles. 
[ | anus. And on her ſtarb. S. 619 407 W. diſtance 8,145 miles. 
The beſt wind is that blowing from the NW. 41 W. nearly. 


QuesT10N 


. quarter, for d ſhip that goes equal. 
ly well on bath tacks, together with the diſtance ſhe muſt run on each tack 


beer vn. PAN E SATEANG. 49 


. Qursriod XVII. Afloop in doubling a point direttly to the eaff of ber 

2 port, fees a lighthouſe bearing NN. . whith fhe #nowss lies NE. b. N. 4 E. 

4 */rom the port, and is 10 miles to the NE. 5b. E. E. of a Beacon bearing dne 

north of ber port; the wind is at M. by N. A W. and ſhe can lie within five 

point.: required her diſtance on each tack, ſuppoſing that foe leads with the 
= /arboard,” and keeps cloſe tothe lighthouſe when Jhe tacks. | 


Y Let p be the beacon z make Dc=10 miles in the NE. b. E. 2 E. 
E-rhumb, and c wilt be the lighthouſe: draw ch parallel tothe NE: B. N. 
_-- E. rhumb pn, and its inter ſection ; with the S. rhumb DB is the 
port; through B and o lines being draww parallel to the E. ard NNIF. 
.. rhumbs, their interſection A is the place of the ſhip. © 
nn the A cb there” is given Dc, and all the angles; hence Bc may 
be ſound. (III. 555.) „n 5h 1 2 
nin the A cAfthere is known cs, and all the angles; hence Ac is 
found, as in Article 55, Book III.“ Ain t 2005 | 
Here IEC =3+ points, IDC = ig points, Z DCB=2z points. 
- And . ABC = 44 points, CBA 5F points, CAcß G points. 


The diſtance on the larboard tack is 12,49 miles. 


i dn ay 11 he diſtance on the ſtarboard tack is 14, 25 miles, , 


8 


; 7 14 * 
— 22 "WP DF 3 . r = . "> FE. 4 1 8 nnn 


— 


3 QuesTion XVIII. 4 ſhip that can lie on either tack within fix points of 
be wind, then at ESE., having her flarbvard tacks aboard, ſees her port 
= direftly to windward, and a headland that lies 6 miles to the NIV. of her port, 
bore H. b. M; now ſbe wants to reaeh her port at two board: required ber 
courſe and diſtance on each, and alſo the bearing and diſtance of the headland 
p 3 2 p : ON BE Ee. 


5 Let c be the headland, and s, fix miles to the, SE. be the port; 

WF. through c.and u draw lines parallel to the E. b. M and ESE. thumbe, 
| their interſection & is the ſhip's place; lines drawn through à end E 

parallel to the rhumbs, fix. points, from the wind, will meet in p, the 

place where the ſhip mult tack;, draw pc, and this ſhews the poſition 
and diſtance of the headland from the ſhip when ſhe tacks. 

In the A AC8 is given Ec and all che angles; find ag=8.979. 

138 the, A ARD is known AB. and all the angles; find an, B. 

| * the A BCD is known, sc, 8D, and Cen; find the other angles 

and CD. | 

"Here Z4cB=11 points, ZAB SZ points, '/ ABE=? points. 

The 2BaD='6 points, AABD SG points,” ABA points, and 

£ cBDS A points. R ni 


ſ Ship runs on ſtatboard 1 1,73 miles NE. 
ANSWER, larboard 11,73 miles 8s. 
| UHeailand bears when ſhe tacksS. 296 32” W. diſt. 8,607m, - 


o 


Vor. Il, . E Quxsrios 


LY 
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Qs XIX. A. ſhip, en her flar bound tarhs, paſſmg by @oints ſau 
them) port eight miles to the E. b. N. ow at the ſame time a 965 — yy 40 
the NM b. I of the port, bare N. b. E. ; Ile hip. could lie auitbin 63 
Points ef the wind, then at NE: b. F. 4 f. an her. Aan end tack; ond with 
in ſeven points on: the larbuaxd , fbe propeſes.to reach the port on two boards: 


required her courſe and diiance. on each enden can #he. hearing Aan 
of the 14 ale fo tacks about. > * a 
; od 


Here dhe pak e. is faken for c clic, in 3 to 2 the Amie 
within the limits ; but if a, repreſenting the ſhip's place, was * Ut 
the centar, the conſtruction wauld be more ſimple. 

the E. b. N. umb, take c a=8 miles; draw o parallel roche 
$.6:H4-meeting' Cn, drawn SE. b. E. in , which is the port baund 
to/; draw Ba parallel to ac, meeting the S. 5. M. thumb in a, Which 
3s the-ſhip's ; place; through A draw AD qatallel to a rhumb 464 pdints 
from the wind, and through B; draw D parle toa rhumb fexcn points 
from the wind, tbeit męeting p is the place: where the ſhip is 20-tack ; 
; then Ber being drawn, fhews the bearing and —__ of we cliff from 
the ſhip when fhe tacks. 
In the E C An, is given vc AEand allthe angles, to find 23. 
In che A ABD, is given AB and all the angles, to find no, Bb. 
In the A Ac, is known AC, AD, and Z/ CAD, to find. the other 
* — ep. 


GI hal (Courſe an york is N. b. xv. Alkane wa g 
Anzwrn. Coutſe on larboatd is SE. b. S. J Exdiftance 16397 — 
11 N on A bore S. 28 E. Giſt. 96596 _—_ 


£3 JS 4% 64 4 1 4 * N. 0 4% * 2. 1 


** 


— 


QUESTION XX. 4 oþ at. ſea diſcovers two beacons, at _ extremit of 
ia" Rial; the one braring 2 10 and the other; «which bore 8. ax ent 


1 Thi SE. b. Gl ot the nber Beacon; 7200 at bound to is *knoton 10 f 
JP LN: of one bencm, and F. B. M. of the urber, and the ve ty can li. 
ꝛbithin GA point: 35 the Arndt "then at NY 2 the courſe 2 d dun. 
en kuth of lib dards 10 gain hor Port; : ; ond alſo ber bearing and ing 
from the pare en Ge, ff "the bedtons. e e Ok WY 2 
The Lettre eg 210 ſolecion of this cue ſiſbi veinig not much wnlite 
the two laſt / ate omitted hete to exereiſe the learner's ſkill. 


K Cousſe en ſtarboard 3s SSE A E. diſtance 4689 ales, 
\- ANSWER; Courſe on Jarboard is: NW. b. W. A W. et mids 
© Port bore S. "40 * W. diſtance * 


' SECTION 


Yolll - 


' SAILING IN CORRENTE 


. 
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SECTION VIII. 5 4} 


of Sailing in Currents | 


1 A Connmer or Tipk is a mia motion of the Water; 
1 ullng all floating bodies to move that way towards which the fircam 
N 5 directed. 

re ſetting of a 14% or current, is that point of the compaſs towards 
Þ hich the waters run; and the drift of a current is the rats it runs Pet 

4 D . fi hy 1 
The letting and arif of the moſt remarkable tides 100 currents are 
retty- well known; but in daknown currents the mee way to find the 
ting and drift, is thus: 

Let three or four men take a boat a little way from he hip; and by 
rope, faſtened to the boat's ſtem, let down a heavy iron pot, or loaded 
ettle, into the ſea to the depth of 80 or 150 fathome, hen it can be: 
Whe boat will by this means ride almoſt as ſteady as at anchor. Then 
eave the log, and the number of knots run out in half à minute will 
pive the miles which the current runs per _—__y and the py of the 
og ſhews the ſetting of the « current, | 


a 


48. A body moving in a current nay \ds contitivedd in three kater A 
: 1 Moving with, or the ſame way the current ſets. 
Moving againit, or the Gy way to that which the current 
ſets. 119: 1 
Moving obliquely to the currents motion. 

When a ſhip Pits with the current, its velocity will be equal to the 
um of its, proper motion, and the curient's drift. s, +» 

When a ſhip fails. againſt a current, its velocity will be equal to the 
difference of the current s drift and its own motion. 
So that if the current drives ſtronger than the wind, the ſhip will 
drive aſtern, or loſe way. 
| When the courſe ſer is oblique to the motion of the LAY the ſhip' 3 
real courſe, or that made good, will be ſomewhere between that in 
which the ſhip endeavours to go, and the track in which the current 
tries to drive it: that is, it will always be along the diagonal of a pa- 
Frallelogram, in which one fide repreſents the ſhip's courſe bet, and _ 
other adjoining fide is the currents dritt. 

For ſuppoſe appc be a parallelogram, the dia- 
gonal of which is Av. | 
| Now if the wind alone would drivethe-ſhip from 
A to 3, in the ſame time as the' current alone would 
drive it from A to e: 


Then as the wind neither belps nor kinilers the | 
[hip from coming towards the line cp, the current will bring it there 
in the ſame time as if the wind did not act. 

And as the current neither helps nor hinders the ſhip from toming , 
towards the line BD, the wind will bag it there in the fame time, as if 
the current did not act. 


bs 


E 2 2 Therefore 


\ 
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Therefore the ſhip muſt, at the end of that time, 5 found in bot þ Z 
thoſe lines, that is, in their meeting v. "3 


Conſequently the ſhip muſt have paſſed from 4 to D in the diago. Y - 
nal AD. 5 | | 9 | at th 
49. ' When the ſhip” 8 courſe 1 * by account, and the ſetting _ 
and drift of the current are given, the true courſe and diſtancc of th: Wi 
ſhip may be found, either by working a traverſe, in which the ſerting 13 
and drift of the current are uſed as a courſe and diſtance; or by a trigo- WM hos 
nometrical ſolution: of the triangles forming the beute: which is thus ae 
conſtructed. auen 
From the center of a circle draw the ſhip's proper courſe and diſtance, 1 a f 
and the current's ſetting and driſt; wich cheſe two lines form a parallel- * 
logram, and from the center draw IO which will ſhew ops _— 
feal courſe and diſtance. a 1 = Q 
50. It may frequently LES that a ip is plying + to wad: a- and a 
eroſs a tide's way. In ſuch cafes, the dl 
Firſt conſtruct the figure for the plying to windward. =” - 
Then with. the courſe-on each tack, and the ſetting of the current, WWF Fre 
form parallelograms, in each of which one ſide muſt be the ſhip s rate, WWrbum 
and the be e current's drift. thc ty 
And lines drawn to meet one another from the center and port bound ſectio 
to, patallel to the diagonals of thoſe parallelograms, will: ſhew the AC 
courſes and diſtances which the ſhip muſt run on each tack. In 
The figures referred to in this ſection are at the end, in Plate X, Th 


where they are * Buy the IE of the I; 


Coke L IP ſhip atls E.  Quzerron II. 4 1 Biptaib ö. SS. 
ve miles an hour, in a tide ſetting|with a briſk gale, at the rate of nie 
the ſame way faur miles an hour: 1e-|milzs an hour, in a current ſettir; Qu 
quired the ſhip's 4 and the diſ. MME. two miles an hour : required code 
tance made good. the ſhip's courſe, and the diAlance mad: e, :, 


5 ; % I 7 equire 


- 


The thip's motion is . «mile | The ſhip's motion is SSW.. gm. ' fl. . 
The. current 5 motion is 4 m. E. The current's mot. is NNE. 2 m. Her. 
The ip true run is 9 m. E. The ſhip's true run is SSW. 7 m. a 
In this caſe, as the ſhip fails from| Here becauſe the ſhip ſails in a oſed 1 

A, the ſame way the . tide ſets ;|contrary direction to the tide, its 

therefore her motion will be quick- real motion will be flower than it Anxs 


ened as much as the tide's motion{appears to be by the drift of the cur- 
is. . 3 : rent. | 


Que 
| ve jet ( 
W's in 
FEY Wire 
va QuesTION 
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"ol QuesTION III. 4t ten o'clock in the forengon, a ſhip that was running 
Pur miles an hour, came in ſight of her port, bearing ENE..z but finding, 
487 three o'cluct in the afternoon, that ſhe had made no way, ſuſpected a current, 
"ip | :uhich on trial was found to ſet WSIV five miles an hour hat had been 
le courſe and real run of the ſhip during that time 4 | 


EE 1n this caſe, had there been no current, the ſhip in five hours would 
bave gone a-head 20 miles from A to B; and had ſhe been becalmed, 
W ſhe would have driven with the current 25 miles from A to c: conſe- 
= quently the difference, Ap, of theſe two motions, is the diſtance: the 
chip bas run; that is, ſhe has driven aſtern five miles, | 


— — _ „ — * — nz — — 


== QuesTiox IV. A.ſbip in doubling a cape meets a flrong tide ſetting SE.; 
and ofter running SI. 18 miles by the log, the cape bore N. 5 E.: require4 
be diſtance of the cape, and the drift of the current. 55 


== From A the cape, and center of the horizon, draw AB the S777. 
Nrhumb, equal to 18 miles; through B draw 8c parallel to the ſetting of 
the tide, or SE. rhumb An; then Ac being drawn S. 4 , its inter- 
ſccection, c, with ge ſhews the ſhip's place; and that ſhe has run the line 
c while the tide ran the length of Bc, or A 7. 3 | 
In the triangle ABc there is given AB and all the angles, to find ac, 
BC | | ; 


The 4 B=8 points, BAC S234 points, Lacsn=4; points. 


The ſhip has run 22,41 miles S. 3 W. | 


ANSWER. J The tide has run 13,35 miles 8E. 


[ 


: | He 


hu” is i 


= QuesTion V. A ſhip falling in with a current that ſet NNIW. 1 N. 
_/covers a, riff of rocks on the larboard, the eaſtern point of which is nine 
Wiles to the NE, b. N. 4 E.; and can be weathered by ſteering E b. S.. 
equired the diflance the ſhip muſt run by the log, and alſo the drift of the cur- 


ent. 
Here A is the ſhip's place, c the eaſtern point of the rocks to be 
Weathered, AB the coutſe ſhe muſt ſhape in order to run along the line 

c, which is the diagonal of the parallelogram formed by as, the ſup- 
Wolſcd. run of the ſhip, and a n the current's drift. 


The apparent run by the log is 10,76 miles. 
Amme. 1431 the drift of the current is 10,27 miles. 


— — 


9 


QuesT1on VI. A hip, in croſſing the mouth of a river, into which the 
et due eaſt, ſails from a buoy on the ſouth fide, NE. 10 miles, and then 
W's in with another buoy on the north fide, diſtant from the fit 15 miles: 
W4uired the ſhip's courſe, with the drift of the current, 


E 3 "a 


4 


— — 


— 


— Fi * 
— F r 


oY — — — 


; 
4 


f 


and a ſtrong tide wes ſetting MSN. I IF. at the rate 0 20 
wwe fleered direfly for the lighthouſe, and at four in the morning we paſſed 
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In the S. rbumb take Ba=10 miles; on a, with 15 miles, cut the 


E. thumb, Bc, in c: then A repreſents the ſouthern buoy, © the 
northern one; AB is the ſhip's ſuppoſed run, Ac the real run, and Bc 
the drift of the tide. ; | e 122, —_— 
8 Here there are given 4B 10, AC=1s, the 4 B=12 points. 
The ſhip's courſe is N. 619 52 E. 
The tide's drift is 6,161 miles. 


. = 
* oe” 
a þ PII 
F ;F$ 
. ANSWER. 
$4 > ® = » 
" 7 3 . 4 


- 'QuesT1on VII. Mt 11-0'clock in the evening, a TEN bore SIF. ;. 8. I 


over a ſandy point 284 miles from the cape : required the diflance between the 
lighthouſe and cape, aiſo the courſe the ſhip bas run. I 

In the ENE. Z E. rhumb take BA = 174 miles {= 31 * 5) for the 
tide's drift. On Aa with 284 miles cut the S 5. S. rhumb in c the 1 
{andy point; through A and c draw lines parallel to Bc, AB, and theit 
interſection p is the lighthouſe, = 1 


The diſtance Ap or Bc is 12,72 miles. 


er 1 The ſhip's courſe along Ac is S. 569 41 W. 


— — — — —— 


Qurs Trion VIII. A hip running ſouth at the rate of frue miles an hour, 
in ten hours 1 a current, which all that time was ſetting eaſt at the rate if 
three miles an hour : required the ſhip's true courſe and diſtance ſailed. 2 

Here the ſhip is firſt ſuppoled to be at A, her imaginary courſe is along 
the line AB; but her real courſe is along the line ac, the diagonal of 
the parallelogram, the known ſides of which are aB=50 miles (=10 
* 5), and gc 30 (SX 10.) 135 | 


e The courſe is S. 30® 58 E. diſtance 58,31 miles. 


= 


has | 1 
QuEsTion IX. Suppoſe that in 24 hours a ſoup ſails NE. 100 miles 


the log, in a current ſetting E. b. S. 14 miles an hour : what is the cm 


and diſlance made goed © 1s 


Draw as NE. and equal to 100 miles, through n draw mc parallel 
to the E. 6. S. rhumb, and make it 32 miles (14x24) ; then draw 4, 
which ſhews the true run of the ſhip from A. | 2A | £ 

Here are given two {ſides AB, BC, and /B==11 points. 


ANSWER, The courſe is N. 60? 490 E. diſtance 128,2 miles. 


7 0 Quesr:0 


miles an hour ; 


. AD A 


real run of the ſhip. 
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Oues riot X. A ſbip departs: from her port at g o'cloch in the euemng, 
and ſails before the winu, tn at NN, at tle rate of 34 knots an hour; in 


a tide whith runs at" the ſume rate towards. the caſteuard; and neut day at 


| noon ſhe found herſelf 84 miles from her port required the ſhip's true courſe 
and the ſetting of the tide. | ed 8 


In the NM rhumb take zA 56 miles (= x 16h.); on A, with 
84 miles, cut an arc deſcribed from B with 56 miles, their interſection, 
c, is the place the ſhip is come to, A being the port ſailed from, Ag the 
imaginary run before the wind, Bc the drift of the current, and ac the 


1 
* » 


Here BA=BC, and the ſolution is as in Article 63. Book III. 


The ſhip's true courſe is S. 639 557 E. Lt} A 
e i The ſetting of the current is N. 749 40 E. | 


F 1 1 
3 — 3 
1 


QuexsT10N XI. 4 ſhip departs in the evening for an Hand, 46 miles 's 
the SW. but by a ſtrong tide running to the ſouthward, Jhe found herſelf 
next morning on'a ſhoal 65 miles from her departed port, ad 34 miles from 
the iſland : required the bearing of ber port, and the ſetting of the tiaz. 

| Here à is the port ſailed from, B the ifland bound to, c the ſhoat come 
to; the conſtruction is as in the laſt, and the ſolution ay in Art. 62. III. 
| The port bears N. 3752 37” E. 
ANSWER. The current ſet S. 4 46* E. 


N 


i 


* ** 3 1 
2 —— — af _— "x * SOLE Wat 
\ - a 


QuEesTIon XII. A pip, in latitude 41 187/, is bound to à port in lati- 
tude 46% 30” M lying 258 miles to the weſt ;* where being arrived, Jhe finds 
by ber dead reckoning that ſhe has made 384 miles of northing, and 206 miles 
of weſting : required the ſetting and drift of dhe current that occaſicued this 
difference. | n ; 1 IST 


Here, by the dead reckoning, the ſhip ſhould bave gone from A to B; 
but ſhe being arrived at the port c, the drift of the current will be re- 
preſented by the line Bc, and-its ſetting by the angle FBC in the right 
angled triangle BFc:; the legs of which, BF, fe being the differences 
between the real and imaginaty differences of latitude and departures. . 
For, the current ſetting ſouthward, will cauſe the ſhip to be longer 
in getting to the northward, and increaſe her account of northing ; and 
by its ſetting weſtward, it will quicken the ſhip's motion that way more 

her account will ſhew. 7 | 


5 Answer, The curtent's courſe is S. 35 50. W. and driſt 88,82 m. 


—— 


7 


E 4 WES QuesTion 


— — — — 
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565 


PLANE SAILING. 


QuesTIon XIII. A fbip, from a 
diſtance 48 miles in 10 hours; then HSE 72 miles in 14 haurs;' and has all 


bas ſailed: 


As the current has run 13 mile an hour for 24 ; hours: 10 wh ole ai; 


1s miles. 


Book VII. 


e in latitude 3 40” N., ſailtSSπ . 
. dort 0 
the time been in a current fetting SS. 14 mile an hour ; required the ſhip'; 


preſent latitude and depertyre, together with the direct . and diſiance /by 1 | 


he beſt way of ſolving this queſtion is to conſider. the current as 
another courſe and diſtance, and then with the three courſes and diftan- 
ces form a traverſe table, as ſhewn in Article 36. 


| 


the ſhip has made, being 


tance will be found, as in Art. 33. 
Here the ſhip departs from à, 


TRA VERS E Da#LA:; 4 
Courſes. D.] N. S. | E. | W 
hes ui TETRA wn. 
SSW. 4 "443 18,4 

ESE. 72 | 27,0,66,5 
| SSW. | 36]. 33.3 13.8 
105, 266.5 32,2 
* — Direct courſe is S. 18% 3 


and is come to c; AB. being the 
diff, lat., and BC the Tn 


reſent latitude is 352 55 N. departure 34, 3 miles. 


E. diſtance 1 10,7 miles. 


a Ra 


QuesT1on XIV. Yeſterday noon we were in latitude * 14 N. and 
dave failed till this day noon the follætuing courſer, vix. SSE. I f. 24 miles; 
NE. b. E. 4 E. 15 miles; ESE. 2 E. 45 miles; and all this time were in 
a curient, ſetting S. b. V. 1% miles an hour : required the ſoup” $ Drehen las 
— departure, direct courſe, and di * 


RAVE RSS TABLE. 


Courtes, D N. | S. | E. W. 
SSP. 1 2 E. 40 : FE Niere the current being conſider- 
NE b.E Eis 7. 1 13,2% fed as a courſe, the traverſe/ table 
IESE 2 E. 15} 15, 242, - [gives the diff. lat. =70,5 miles. 
S. F. W. 4 4,2 18,2] Andthe departure 58.7 miles. 
— e — — —— And hence the direct courſe is 8. 
7.1 77.6065, 98.2 39% 4% E. and the diſtance is 
$4 Nas . | 78 miles. e 
| b. la. 70,5 38, Dep. 


In any queſtion, where there are given one or more courſes we" Fo 
tances failed, and alſo the ſetting and drift of the current, the work 
may be performed as above. 

The reaſon of this is pretty evident ; for as each courſe and diſtance 
is affected by the current, therefore inſtead of correfting them one by 


one, as (hewn in moſt of the preceding queſtions, the 


may be all al- 


lowed for together, by making a courſe and diſtance of. the ſetting and 


drift of the current. 


QUuEsTION 


The ſouthing and eaſting which . | 
thus 
known; the direct courſe and diſ- x 


__ betwe 
PO. 


| latitu 
rent, 
requ. 


J. 


4 


WW. OvrzsTion XV. At eight o'clock in the evening, a ſhip ſailed from her 
Dort on a SSI. courſe, four miles an hour; a ſtrang.tide was then ſetting 
wen the S. and V.; and at fix clock in the morning ſhe paſſed by a rack 
70 miles to the weſtward, and 60 miles to the ſouthward of her port: re- 


«1 quired the ſetting and drift per hour of the tide, 


Wich 60 miles as a diff. lat. and 70 miles as a departure, find the 
WT place of the rock at c; 4 being the place failed from; in the 88% 
= rhumb take aB=40 (Ax 10); draw Bc, Ac: then AB is the ſup- 
WE poſed run, Ac thereal run, and nc the drift of the tile. 

nin the Aapc, is given Ap, DC Cp; to find the CA and ac=92,2. 
nn the AAaBcy is known Ac, AB, £CAB; to find 4c and BC=59, 37. 


AnsWER., The tide ſet S. 67,09 W. and ran 5,937 miles an hour. 


== Qutsrion XVI. At fix o'clock in the forenoon a ſhip weathered a cape in 
| latitude 4.6% 32“ M.; and having run SE. b. S. 24 miles by the log in a cur- 

rent, found herſelf at noon in latitude 46? 17“ N. and the cape bore WNIF. : 

required the ſetting and drift of the current. ' 


Make ap=the diff. lat.; draw the departure Dc, meeting the ESE, 
rhumb in c; draw AB, SE. b. S. and equal to 24 miles, and join Bc. 
Ihen A is the cape, c the place come to, AB the ſuppoſed run, Bc 
the drift of the current, and Ac the real run. wo e e 
| In the A ADC, there is given AD and the angles; to find Ac 30,2. 
In the A ABC, there is known AB, AC, £ BAC ; to find the angles, 
and BC=23,41 m. 3 | 
ben drawing the rhumb & u parallel to Bc, it ſhews the ſetting of 
we current. | Sy 


ANSWER. The current ſets N. 77 47 F. and runs 3,9 miles an hour. 


L — = — 


| QuesTioON XVII. A ſhip being bound from Dover to Calais, which lies 

21 miles to the SE, b. E. 4 E.; and the tide of flood ſetting NE. + E., 24 
miles an hour: required the courſe ſhe muſt ſteer, and the diſlance ſhe muſt 
run by the log, at the rate of ſix miles an hour, to reach her port. 11 


In the poſition of the SE. b. E. 2 E. chumb draw DC=21 miles; and 
| parallel to the NE. 4 E. rhumb draw E= 24 miles; on E, with fix 
miles, cut Dc in F 3 draw DB parallel to EF, meeting CB, drawn paral- 


lel to DE, n os bog) 
Then v is Dover, c Calais; and the ſhip, by trying to fail along the 


line DB, will be driven between it and the direction of the-current in 
the line Dc. '/ - * 


ANSWER, The ſhip muſt ail S. 39,14 E. and will run by the log 
19,4 m. | 


QuEesT1ION 
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Ques rrox XVIN. -Yefterday neon we wire in latitude 42 36 N. 4nd 
Kade noon: find ourſelves in latitude 41 10 N.; by our account be Hat 
V. b. S. 50 — and all the time have been in à current ſetti 


wy. - requered the forp's direct S a difanct, won the ary 9 


per Bou. 2323 


Take av=70 miles, the diff, lat.; draw A parallel to a , the 8 
h Nom and equal to i 8g miles; through n draw Bc ran wy 
N thumb a o, meeting the departure DC, and join ac. 
Then the ſhip from A ſuppoles herſelf failing along AB; but by the 

action of the curtent is driven along AC. 

In ihe & aDB, there is given AD, AB, £ BAD; required che * 
and DB 130,4. | 

In the A ps, there is known DB and the angles; to find Dc=192 
and BC 123, I. —— — — 

In the A apc, there is rd AD, pc, Capc; to find the angles 
and Ac 204, 1 7 


| | The courſe is $.69® 58'W. diſtance 206.8 2 
Ausw n. 60 The current's drift per hour is 5, 13 miles. 


lt... 4 oy 
——_—— * 


8 


ESTION XIX. er @ are two ports kh lie 270 miles to "the north 
and ſouth of one ansther :+.a ſhip ſails from the northern port, with her ſiar- 
board tacks aboard, within 72 degrees of | the wind, then at S., at the rote 
four miles an baur, ina current that ſets ſouth, teus miles an 2 reguirel 
her courſe and diſlance on each of two tacks to reach the fouthern port. 


Draw the line av through r, the center of, the horizon, 8. 729 E. 
and from any point, A, in that line, draw AB, due ſouth, and =279 
miles; through B, draw Bo parallel to F », a rhumb 725 from the wind; 
then if there were no contend, the ſhip muſt have failed from A to D on 
the ſtarboard, and from p to B on the larboard tacks : but to allow for 
the current, ks F4a=2 miles, draw ac, ac, parallel to FD, Fu, and 
make 4c ac, each four miles; draw the diagonals Fe, Fe, of thoſe 
parallelograms ; then through A and B, lines drawn parallel torr, F 4 
meeting in c, will ſnew the run of the ſhip on each tack. 

Here the triangles. r @ C, T4 οαο being congruous by conſtruction 
therefore the C c (=ZaFc) is equal to 4cBA (a g). 

Noa in che triangle 4 c, there is given 4 f, ac, and F ac=100% 

| feb whence the other angles are known; viz. Z aF = 49 as, Ani 
in the triangle Anc there are known the ſide AB, and alt the angles 

| whence the ſides Ac and CB are eaſily found. 


e courſe on ſtarb. is S. 430 9 % E. 7 AA 208,4 miles 
* ANSWER, f Re courſe on larb. is 8. 49 377 W. diſtance 208, 4 miles 


QUESTION 


* 


N 
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'OvesT10N XX. A ſbip that mates ber-way good within 64 points of the 
* is bound to a E | . . diſtant 476 miles : Ve 
the wind being S. b. W. and à cus rint ſetting. S. b. E. 24 miles an hour, 
and the ſhip ſailing 74 miles an bour ; required the courſe and diſtancs Jhe 
muft ſail on her flarboard and larboard tacks to gain the yore. 


In the 8. b. S. 1 M. rhumb, take A8 470 miles; and, through A 

and 8, draw the lines AD, zo, in the direction of rhumbs 64 points 

from the wind at S. 5. V.; then, were there no current, the ſhip 

would fail on the lines Ab, 86. Hh . 

With the drift o: the current aa=23,' and the run of the ſhip 72 

miles an hour, taken in rhumbs A0, A, 64 points from the wind; 

complete the parallelograms, the diagonals of which Ac, Ad, ſhew the 
courſes the ſhip will move in, with the compound motions of the cur- 
rent's drift and ſhip's-run. RE Roli IT? 

Then àc, and Bc, drawn parallel to c, will ſhew the run of the 

ſhip on the ſtarboard: and larboard tacks. | , = | 
In the A Aa dare given Ae, ad, CA ad; to find the d AA 
E 17. | T L : 

9 A Aac are given A a, ac, CA ne; to find the 2cAa=74* 54. 
Then CBA CLBA ATC AN) 85 30“). | 
Alfo Zn A c—ZnABZB A, . ABC 27 of. ( 0193) 

" Cotiſehuently in the triangle Acn, there are known one ſide AB, and 
all the angles; by which the ſides Ac, cB, may be found. 


* 


| The courſe on the ſtarb. is 8. 48 56' E. diſt. 234,7 miles. 
Aus w ER. I The courſe on the larb. is 8. 6g 30 W. diſt. $14 miles. 


, 


— 


| * * 


Moſt of the Qgeſtions in the three preceding fections, although not 
of ſuch common uſe at ſea, as thoſe in ſections the IVth and Vth, yet 
| © have their uſes on various occafions, as will evidently appear from many 

of the queſtions themſelves. But there is another excellent uſe to be 
derived from their ſolution, that does not appear at firſt fight fo evi- 
dent to learners, which is, the furniſhing them with an agreeable oppor- 
tunity of exerciſing their talents in the application of Geometry and 
Plain Trigonometry. . For it ſhould be well obſerved, that as all the 
operations relating to failing depend chiefly.on the principles of Tri- 
gonometry ; ſo the perſons, to whom theſe principles are moſt familiar, 
will with the greateſt readineſs not only apply them to the caſes of ſail- 
ing, but alſo ſee more clearly the reaſon, of every ſtep they ſhall find 
themſelves neceſſitated to take. And as a farther exerciſe for the under- 
ſtandings of thoſe who ate deſirous of extending their notions this way, 
it has been thouglh proper to annex the Queſtions inthe following ſec- 


lon, with their foluti 
tion, with their ſolutions. 
% % » 4 1 * 1 
b A 7 4 * "VS 3 8 , 
iin een AI en 4454 e 
* 1 3 1 g 
4 : ” Tb ” * 0 - 
i BC} 5 WE CE {141d tb o 8 7 
* 7 L > "x +4 5 ? renn 
* 4 0:35 +42 FF. M4 28 * # [ e 21 * e 
* 3 2 F 44 74 CEE " 1 
„ RR * =. > 4+ 4 
* 1 4 a Or — - 1 N * 
_ f 7 1 775 F 73 . & * T7 & = a 9 — 4 «ey 1*\ + i 0 8 
815 7 : 2 = * / oy ' 1 0 h fs i & CT 
ow #4 % 0 n ' © % ky - : * * * a : 
e ; ; * 8 6 % [4 > I 6 8 ; N 
$Y 1 * $4 7 9 l 7 = ry F. SLES 4 #4 <4 4 Tz F - # 75 » "1 j 
* # *+#4 . Giga %& *d #4 b*%4 4 *» #43 > out ks 
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SECTION IX. LS 


PE Cale of Practical Queſbions. hats: 


-The figures belonging to.the queſtions 1 in this ſection are in Pl. Xt, 
and numbered the ſame as the queſtions. 

(QUESTION, I. A fhip in latitude 47% 30 N. and bound to a port in la- 
titude 429 oo M, and 120 miles ta the weſt, prapeſes to reach her port by 
running equal di iflances on each tact, the fi ft to be. on the meridian: What 
muſt the courſe be on the ſecond tack, and how far on each? = 

SOLUTION. With the giyen difference of latitude=330, and the 


3h departure ao, conſtruc̃t the triangle anc; from E, the middle of xe, 


draw ED at right angles to Ac: then drawing oc, the yore AD, "vi 
will be the Kiſlances the ſhip. mult run on each tack. 
For ADC is by conſtruction an ifoſceles triangle. (l. 93) 
In the triangle apc, find the, angle 4 (IIL. 46) = 19? 59'=£ AED; 
the 7 acD+ 4CAD=Z 4 BDC=399 58', the ſecond courſe, in the SW. 
quarter. - |: 8 8 11 
In the triangle CBD, find (n. 45) e166, 8. 
ANSWER. The firft courſe is S., the 248. 39? bub. and the 
diſtance on each tack 186,8 miles. 


—QuesTiON II. A. ſhip having ſailed NE. b. E. from a 1 in Tatityde 
42* 18” N., met à flop which had ſailed from a port in the ſame latitude, y- 
ing G2 ds to the eaſt of the ſhip's port : the ſum of their diſtances made 
159 miles: required their reſpeftive courſes and diftances, 

"SOLUTION. In an eaſt and welt line take Ba=92 m., from n draw 
on the NE. ö. E. thumb Bc=150 m. join ca; then ep, drawn at right 
angles to c, from E, the middle, gives p, ſo that DA DC. (IL 93) 

In the triangle ABC, and (AI. 48) the Ser 1 ay 5 and LACD 


a 207 47+;:17% 
en n 40 3 3 hence 1 35. 
In the triangle BaD, find (III. 45) D 101% m. and Ab 5m. 


e Ae ſhip failed NE. b. N. 101,9 wiles, and the Con | 


3 failed N. 7? 200 W. 5747 miles. 


! "QUEsT10N- III. Y ſhips, A, B, fail from ane read, ther courſes makin 
KT of 569 oo; A ſails rb ed S. and M. 40 Toh. B 7 — 20 
betweenthe 8. und E. 50 leagues, bas got 15 leagues to the ſouthward of A: 
| Pim the courſe of each ſhip, alſo the braring, Hume, and departure 
from A B. 

Sorurion. With the given ſides and included 4A, conſtruth the 
triangle Act: On A with 15 leagues, deſcribe an arc at Dy and from E, 
the middle of AB, with the radius E A, cut the formerarc in p (II. 131); 
draw the given diff. lat. Ab, and the required departure DB: then c is 
the port ſailed from, - a one ſhip's place, » the other's. 

In the triangle Ach, find (III. 48) the 4can=78*® 24, and 2cBa 
=51® 36"; the fide; as will be ſound 39, 1 leagues. In the triangle 
ADB, Where AB, AD, are known, find DA 22 345 £DABZ 
672 26/, and BD=36, I. 

Woe ah A's courſe is 8. 34. 10 W. »'s is 8. 15% 50 E.; B bears 
from A S. 67“ 26 E. departure BÞ is 36,1 m. the diſt. 

43 is 39,1 miles. | QutsTION 
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Quxsriox IV. From-two porti, hearing NIF. $. N. and. SE. J. F. $9 
ſhips ſail, the, one NE. the other N. b. E.; they. meet, and find. thai the ſum 
of their diſtagces added to the diſtance of the ports made 148 milgs : required 
the diſtance. o the ports, and the run of each ſhip”... . 

. SOLUTION. Make a triangle a dt: equiangular to the triangle requir- 
ed, in which one fide, as AD, ſhall be of any aſſigned length, as 30; 
and by Art. 45 Book III. find vE=4i,6r;AED=24,57 ; andthe fum 
of the three ſides of the triangle A h will be 95718: then ſay, '' 

Ae 9518148 1: Ab go i ACZ4 6,666 
Anh as 9518 : 48 Df =41,61":; eg =64390,; © 5 
Then the other ſide AB will be 36,25 miles 0 hs OG BOS 2 2 Ek 
weg F FThediſtance'of the ports is 36, 25 miles 
ANR. One ſhip's run is 46,65 n les, che other 64,7 miles: © 
ob DIS SHO C90 203 03 23 i409% 42634 4436 EEO 503: 133159 35: 
 QuesT1on V. Two ſhips meet at ſea, hound to two forts diſtant from 
1 ae 12 miles: Now if one 2 N b. N. fox as 15 e 
the otbel NE. eight miles an hour, they will arrive at their reſpective ports 
ar the ſame thme : required the diſtance each ſhip muſi run, and the beariy g 
of thoſe ports from one anather, © d GIG a i 

SoLUT1ON. With the courſes and rates of failing make the triangle 
ADE, A repreſenting the place of meeting; parallel, to De draw A0 — 
12 miles; through G draw GC, parallel to Ap, meeting at produced, 
in e; through Cc draw CB parallel to 40, meeting AD produced in B; 
then B and c are the ports. For aB:Aac::6:8; and BcC=12=aG 
2G being a parallelog rann. 6 : 

In the triangle ADE, knowing Ap, AE, and ZA, find Z. Dp = 30, 
E= 40% 45', and DE=9,015 miles; then DE: BC: : AE: Ac 
10,65 : : AD : AB 7.988. | 
8 One runs NE. 10, 65 m.; the other NW. b. N. 5, 988 m. 
C bears from B, N. 859 45 E. f 


n 


4 * 


ANSWER. J 


— . 
46.4 * * * 


QuesTion VI. A fleet of ſhips fleering S. b. S. four miles an hour, 
on ſeeing a ſail, detached a cruiſer, which' gave chace” SE. froe - hours at the 
rate of ſeven miles an hour, comes up with, and takes the chace. After, an 
hour's time ſpent in adjuſting matters on board the prize, ſhe fliers for the 
fleet, which fill kept on the ſame courſe and rate: required the courſe the 
cruiſer muſt. ſhape, and the diſtance ſhe muſt run at ſeven miles an hour," to 
join them. „ od AS Ns We A 

SoLUT1ON. Let c be che firſt place of the fleet, draw. op, & b. . 
and ch, SE.; make C8 = 35 (& 5), CA=24 (AX ), and dia 
an; then B is the place where; the eruiſer took the chace, and A the 
place where the fleet was when ſhe left the chace: make AF =4, FU 
7, draw BD parallel to FE, and D is the place where the cruiſer joined 
the fleet. es Ah , Sa ier „„ 

In the triangle Ack, ſind Z. AB RH 63 25", and 4 cBa=37® 49, and 
aB 38,39. Then (II. 91) AFAE=116® 35', In the triangle Fax, 
find /E= 369 44 and CF = 32 41%, — 

In the triange ADB, ſimilar to Ar, find BD=63,58 miles. 

ANSWER, The cruiſer muſt ſteer 8. 669 26” W. and run 63.58 miles. 

 QuesTion | 


* 
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Qurs ion VII. 4 ſhip; failing 7 4 un. courſe, can ta rom * 
pore A to'the 2 555 US: But ſailing ar the ame rate (by tht leg) 

a NE. b. ces from B'to A in three days, a rl ent fort 2 
the way 2 e port. Se half a mfle an hour + required her dead rec- 
koning outwards une: e > omg bearing and diflance . 


Sol briow- In the nige days outward and homeward. bound, the 
current runs at + mile an hours, 08 miles- eaſt, that is 7 m. for out- 
wards, and 36 hemewards. In an eaſt and welt line take ap=36, 
pd=72 ;, through 4 draw. a N. thumb, and through 4 draw a 
NE. b. N. and SWF. 5. S. thumb, cutting the formex in E: Through 
D, E 3 parallels. to 4 8, dA, cutting in n; join AB, and draw BF 
parallel to EA meeting d A produced in v; then A and 8 repreſent the 
two ports, AE the outward dead reckoning, BD the homeward, and AB 
the true diſtance. | 

For if AF BED 4=72 FS drift of the current in the outward 
account, and the. courſe ſhaped is alon AE, the ſhip muſt run between 
Ar and at, Alſo if 0 36 is — current's drift hemeward, and 
the courſe ſhaped is along Bp, the ſhip muſt run between mc and B. 
But AB is the only common diagonal to the parallclograms FE and DC 3 
conſequently” A and B are the ports. 

In the triangle a 4 E, find (III. 45) ag=164,6; and ed=2D=74;39m. 

In the triangle ADs, find (III. 4 ) LDaB=39" 39 and Car 
. Alſo (a1. 45) find AB=99,04. - 


I Tue dead reckoning outw.= =164,6 m. homew. 254, 30m. 
Anzwes, The true courſe is S. 21 217 W. diſtance 99:04 miles, 


_—_—— 


ah — 


Qursriox VIII. A. hip, after doubling a 8 a failing NE. * NV. 
45 miles, receives in the night conſiderable damage from a ſtorm ; ſhe then bore 
airettl_ towards à lighthouſe lying 24 miles o the NIV. of the cape, and 
having run 40 miles, and the day breaking, ſhe diſcovers a port 42 miles to the 
north of the cape e what was her courſe and diſtange to that port ? 


SOLUTION. Draw ap, NE. b. N. 45 m.; aB, N. 42 m.; ac, NV. 
24 miles; join DC, make DE=40 m. and draw AE, EB; then A is the 
cape, & the lighthouſe, and B the port. 

In the triangle Ap, with the given f des and included angle 4, find 
the Cc ö 587, IDS Zoe 1647, and the ſide cD=46,69 miles. 

In the triangle ADE, with the given ſides and included angle o, find 
the zDea=879 of), /Dat=62%36", and At=22,71 miles. 

In the triangle BAE, with the known * AB, AE, and included 
LEAP, find LBEA=I4" 47 4B=26® 220, and E824, 7 miles. 


The courſe from E to Bis N. 2 22 E. 
And the diſtance E n is 24, b miles. 


Answen, 


Qursrion 
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Quvrs riox IX. A ip running at the rate of A4 miles an hour; with 
the evening, being two lagnes to the CH. b. S. of a headland, fhe met the tide 
. of fload jetting SSI at the rate of i miles an hour, and at nine that eben- 
ing, a lighthouſe, which lay is the NNE. 4 E. of the headland, bore EME. 
2 E. : required the ſpip's courſe and her diſtance from the lighthouſe. 5 


1 SoLVTION/ From fire to nine is four hours, in wbich time the ſkip 
runs 8 miles, aud the ide ſeven miles; alſo ta points abaſt the beam, 
or 10 paints from. the Mind, is MII b. UVUVWVW.ͤͤ 7 ner nn 


* 


43 


Suppoſe the ſhip at A ; then in che E, B. M rhunib take \ar=6, and 
_ E is the, headland z in the M. b. N. take aB= 18; through n dtaw 
Bc parallel to the SSW. thumb, and equal to 7, join c, ct ;.throu 
Et draw a, MN A E. thumb, meeting, in d, a ENE A E. thumb, 
draw ftem c. Then © is the place Which the ſhip arrives at, Ac is 
her real run, and the place of che lighthouſ me 
uded 48, 


ate known find 4BEa=401? 19% A. Bac gra, and rhe fide Ac 


2 


In the triangle aBc, where two ſides, B, Be, and the inal 
=15,20 miles. 4, 


N 7 1. 8 
In the triangle car, where there are known AE=b, A025, 26, 
CAE 583 find CHE g= Lac 18“, and! the 
ſide GE 219,94 miles. 1 *06068= 48A A, bei 730270 #42.x:; bng 
In the triangle CED, where there are known -CE=19.94 m. DEA) 
40“, Lc g 35“ 36', and ZDEC=9692 35” ; the fide ED will be found 


TY 4 
47 


AGA 


15,67 miles, and the fide cv=26,74 miles. Jt! 1 AA ren A 

i: ee iA g er on 51960 5 } : 8 
AxswER. The ſhip's true courſe is N. 569 10 W.; dift. from the 

-— —-- lighthouſe 26,74 miles. c 


_ * 


. —— CR WY 9 — hes wi % : 4 , t*7% þ 


Quegsribx X. Tas ſhips departed from a port at the ſamę time, and 
after one had ſailed SE. b. E. 40 miles, and the other, SIV. 50 miles, they 
were equally d;lant from; a rock whith lies qtrecly fouth of their ponts re- 
guired the bearing and diſtance of each from the rock, © SORES 


 SoLUTIoN. From 4, the port, draw an. S, 50 miles, ac SE. 5. E. 
40. miles, join Bc, and from F, the middle draw FD at right angles to 
BC, meeting the meridian in p, the place of the rock, and Join DB, 
Dc, which are cqual by, Article 103, Book II. Sew <2 Gra 
In the triangle BAC, where there are known 'AB==50, Ac=4o, BAC 
Sil % find L Acn=44 35', ZABCS347 10', and pc gr 59, 86 
miles. V „ | 
In the triangle AEc, where there are known AC=40, /EAC=56% 
15"; Lack 44% 35'; Calc 10“; find Ec=33,86 miles. 

Then ce=(4 Bc) —EC=FE=1,07. 7 g . 

In the right angled triangle ED, where are known FE =1,07, and 
1 IT 2 % 5.” . 

n the right angled triangle be, where DF= I, Fe 234,92; 
find the ON ie 5455 * DC= 35, 38 miles. BY i 
1 Theſhipat s is 35, 38 m. to the S. 880 167 W. of the rock. 

; | The ſhip at c is 35,38 m. to the N.70? 04” E. of the rock. 


Qs rio 


e 


other NI. N. sequired the ſbip's con- ſe and diſſance, together with tbe and? 
er 12 
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\, QUEsTiION XI. Sailing Et b. S. 74 hnots an hour, - w? faw two iſlands, 5 Q 
one bearing SE: b. S. the other E. b. N.; the tide was then running SI. b. 1 
, 2 miles an hour two hours after, the firfl ifland bore 1 b. S. and the 82% 
bearing and diftance of thoſe Mandi from one another. 
SOLUTION. In an E. b. S. rhumb, take ac=15 miles, (7 m. S 
2); through ay draw AB, Ak, parallel to the E. 5. N. and SE: 6. &. a 54 
rhumbs; draw eo SH#&- b. , and equal to five miles, - which the tide _ 
runs in two hours; through p, lines being drawn parallel to the V. .and 
' b N and M. b. $:'rtiumbs; their interſections with AB, AB, will give 1 
E, the place of the ſouthern iſland, and B, the place of the northern Cuſt: 
onc;Jour ab 77 0 TD THE e: LET 494, % 


ln the triangle Abc, where Ac=15,\Dc=5, and £ZacnD=45* oo); . 
find the 2cpa=117"52', 4CaD=17% og, and aD=12mmiles. "=P 
Now as ED is parallel to AB, and Bp parallel to AE, therefore ADE ol 

is a parallelogram z and ſo aB=ED, AEB. : 
In the triangle 4x, where aD=12 miles, £ AED =1129'$0',"/ Dat ne 
=27* 52', and Z ADR= 399 38“; find AE =8, 286 miles, and EB Ges 
Coynmbies.”—= x fron; hn 215 290 A147 81 AE: 
In the triangle ABE, where AE 8, 286 miles, AB=6,072 miles, « 154 
and /EAs=67* 30'; find / aBE=69*® 15, the CARB AHA 75 and 1 
the fide BE=8,186 miles. 2 ö f en 217 n FH 
| Axswr k. J IÞ< ſhip's courſe was S. 61* 37” E. diſtance 12 miles. ( 
* L The N. ifle bore from the S. ifle, N. e 30 E. diſt. 8,186 m. ro 

bh ions — — — — Ü —— cio 
mn 

QuesTion XII. Coming out of a port, into which the tide of flood wa; mY 
then ſetting, I ſaw two htadlands, the northern one, which bore ENE,+ E. ok 


War tnown to be 15 miles to the VNNE. 1 E. of the other, which then bore poi 


S. 5. E 5 running E. b. S. 4 E. 24 miles by the log. the northern head- 1a} 
land bore NIV. and the other JV. b. S. required the ſetting and drift of th: 
tide. 6 PEE 1 8 t 
d ane | 1 5 
Sol uriox. Ina NVE. 4 E. thumb take aB=15 miles; through N . 
A draw ac N. 5. V. and ab E. b. N.; alſo through B draw Bc SI. ara 
2 and np SE.; then. c, the interſection of Ac, Bc, is the ſhip's place | be 
at firſt, and p, the meeting of BD and AD, is the ſhip's place at laſt: PS 
from c draw an E. ö. S. 4 E. thumb ce=24 miles, and join ed. _ my 
In the triangle ABC, where AB=r5 miles, / ACB=95® 38, and the 1 
£ CBA=45? OO; find Ac=10,66 miles. 1 : 
In the triangle ABD, where AB=15 miles, ./ ADB=56* 15, and 
the / ABDd=73* 08”; find aD=17,26 miles. Ty . ar 
In the right angled triangle Ap, where Ac 10,66, and AD = 
17,26 find 2 acD==58* ig, LADC=31® 4%, and cp 20, 29 m. 
In the triangle CDE, where CE=24, CD 20, 29, and /DCE=14? 
493 find /cED=52® 427, and DEZ 6, 522 miles. 3 7 


Avswes, The ude ſer S. 420 55' W. and is drift is 6,522 miles. 


QUEST10N 
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| 5 

. . QuzesT19N XIII.  /oip tunniig fru knots an hour, diſcovers Scilly 

WH /ights bearing NE. b. N. diſiant jix-leagues, the flood:tide being juſt made, 

| and ſetting ENR. two miles an hour + required what courſe ſhe muſt fleer, 

4 
which lies 11 leagues to the E. b. N. 4 E. of Scilly. 21 0 l 2 2 


 SoruTion. Draw sI E. 5. N. I E. 33 miles, Le S. 15 miles, and 
_ va V. b. S. 18 miles; join sk, * AB EME. two miles; and 
on B with Bg; miles cut AE in c, join 8c; draw AD parallel to BC ; 
and ED pafallel to AB; then A repreſents the ſhip's place at firſt, s, 

Scilly, . L the Lizard, E the ſhip's place at laſt, and Ap the rhumb and 


1 


5 , 


diſtance ſhe mult ſail. - K 
In the triangle sLE, where $8L=33 miles, LER IB, and the 2$1t 
284 22“ find Z LES AJ 18“, LSE S=25 200% and SE 34, 89m. 
In the triangle asE, where 48 2 18, E= 34,89, and the Z ASE 
ro O; find 4 S8aE=51*% 50“, SEAgHY 23“ 59“, and AE=42,96 m. 
In the triangle Age, where AB=2,"Bc=5, and HAC 18 14 ; 
ß . en 7s . | 
Now in the triangle aD#; ſimilar to the ttiangle ac, are known 
AE=42,90 miles, ZDAE=7® 11', ZAED=18® 14, and the z D= 
154 35/3 hence the fide AD will be found=31,32 miles. 
{  AnsweR. The ſhip muſt ſail S. 879 o; ! E. diſtance 31,32 miles. 


— * th * 4 8 „ 2 1 * e 1 FI 


= — 
— _ : 


Qs rio XIV. Mt fix o'clock in the evening a privateer ſaw a ſhip di- 
reftly to windward bearing NE, about three leagues diſtant, they were both 
cloſe hauled, ap their flarboard tacks ; the privateer having ſailed 18 miles, at 
nine o'clock the ſhip Pore E. b. N. 4 E. Now the privatect finding be got 

; a- head, -would ſpeak with the ſhip at two clock in the morning : required at 
x what rate the privatcer muſt ſail, and. at what time tack about, keeping fix 
points from the wind, ſuppaſing the other ſhip does not alter her courſe and 
rate of ſailing. © wy . Pers 2. 


Sor r tox. Six points from the wind at ME. on ſtarboard tacks. is 
N MIV; then in a line AF parallel to a VVV. rhumb take ac=18 m. 
draw ai NE. in which take AB=9 ; alſo B6=3, 61 = 5, repreſenting 
the times between fix and nine, and nine and two o'clock; draw BE 
parallel to AF, and through c draw an B. C N. I E. rhumb c join 
bo, draw 1E, parallel to DG ; through f draw Er ſix points from the 
op and join EC, CB: then the privatcer tacking at F, will meet the 

ip at E. J 5 POE 

In the triangle Abc, find ABC SA 46%, LAB 290 44“, aud 
EAN I Res: 8 

In he ele CBD, find BD 12, 64, and DC= 8.689. a 

Then 5G: G:: BD: DF = 20, o) miles, the ſhip fails from nine to two; 

In the triangle DE, find' (2819 34”, EE=25%210, and EC= 
19,42 miles. | „ I 3 A 

In the triangle cEr, find FE=11,76, and rc=25,87 miles: 


Vol, II. | F Now 


6 PLANE SAILING. 
Now Fz-+ Fc= 37,63 m. which run in five hours, is 7,12m. an hour. 
And Fe at 7,12-m. per hour gives 3h. 37 m. 48 f. after nine o'clock. 


ANSWER. The privateer muſt tack at 1 ab. 37 m. 48 C. and ſall 7,12 
miles an hour. % 43 XY 5. EFT It 2; 


” * —* * -' 7 — has — 


QuzsT10n:XV. Tus foips flrering between the . and I. parted com- 


pany In latitude-20% 15 N. ane going af points more weſterly than the other; 


next day at noon.they arrived at twe ports in latitude-199 16' N. and diflant 
45 miles: required the courſe and diflance wubich tach ſhip ſailed. after they 
Par ted. ff me , 


. gol uriow. In an caſt and weſt line take S8 45 miles; on eo de- | 


ſcribe (II. 89), the ſegment ch of a cirele that ſhall contain an angle 
equal to 30% 56'=24 points; in the meridian take 8H=i59 miles, the 
diff. lat.; through k draw HA parallel to cy, meeting the circle cg 
in 4; draw AF parallel to HB, meeting es produced in F, join a8, Ac, 
and from E, the center. of the circle nA, draw EA, EB; EG parallel to 
c, and ep. parallel to BH. "14, 7523646 
n the right angled triangle EAD, where CDE (4CAB=) 309 50%, 
and DB=22,5 miles; find ED = G = 37, 54, and EB=EA=43,77 m. 
In the rightangled triangle A0, find 7 ax6=29%2", and EG= 38, 15. 
In the right angled triangle AER, where Ar- 59 miles, BE=DE (= 
EG)—DB=15,65; find . BAT = 14% 51", and AB=61,06 miles. 
In the right angled triangle Arc, where AF=59, CF=cB+BF=60,05 
miles, and g. CAF=45* 47 ; find ac=84,62 miles. ö 


| The courſe of one ſhip is S. 14 51' W. diſt. 61,06 m. 
ANSWER. Te courſe of the other is S. 45 47” W. diſt, 84,62 m. 


* 


8 * 8 2 * —_— 


a. 1 
* * TT CC 


| ESTion XVI. Two /hips, A and n, both going at the rate of 

E hour, parted Shad latitude of 45˙ N. K feering in NI. 

and B in the Nl. quarter; next day at neon they both arrived at — — 

A in lat. 47, 587 V. n in lat. 45% 36 N. and the ſum of their departures 

was 64 miles : At what hour 4 they part, and what Fo the courſe and di- 
 flance each ſbip had ſalled? 


SoLUTfoxs. Make the departures FG =64 miles, the diff. lat. FB 
8, and GC=36'miles; draw BC, and from k, the middle of Bc, draw 
ke at right angles to Bc, meeting FG in A, and BF produced in E; 
join AC, AB; then draw AH parallel to rn; and CD, BH, parallel to 
"FG, meeting AH in 1 and E. : 
In the right angled triangle BDc, where Dc=64, DPB=22; find 


# 


£ DBCS=71% 02', 2DCB=189 58”, and Bc=67,69 miles: Hence BE 


= RC 22.8. | 


In the tight angled triangle KE, where —— 58”, Kör- 


71% oa, and KB=33,84 miles; find BE=104,1: Hence BE—Br= 


FE 246,1 miles. 
In 


* 


Bock VII. PL AN E SAILING. 67 
la the fight angled triaagle EFA, find FA=15,84 miles: Hence 40 
=48,16. oh es WR), 


"In the right angled triangle are, where a1=(0e=) 36, cd, is, 
find Z1ac=53? 1, and ac 60, 13 miles, \ 4/7 E 


In the right angled triangle anp, find aH = 15 17/7. 
ow AC ot 4B=60,13 divided by 6 gives 10,02 hours=10 h. 1 fl. 


aw. {1 be Dips parted at 1 b. 58 m. 48 f. in the morning. 
Ax Ss WER. ; A's courſe is N. 159 17 W., Bs is N. Lk 13 E.; diſt. 
8 mau by each is 60, 13 miles. 


* 


— 


QuzsTio XVII. Paſſing by @ rock which lies off the mouth of u harbiut, 
the breadth of which is 12 miles, the weſtern point bore NN. and is nine 
miles diſtant from the town ; the caſtern point bore NE. h. N. and is fix miles 


ram the town : required the diflance of the-rack from the weſlern'and eaſtern 
2 and alſo from the town, which bore N. 6. E. 185 


Soturiox. With the three given ſides, 12, 9, 6, having conſtructed 
a triangle, where A and c are the weſtern and eaſtern points of the har- 


the ZABE=1049 30 SEO Ea e 
In the triangle AcD, where Abc 123% 48% AbεενỹẽnpDiaie, 
Ac = points; find DA=8,018 mile. 

In the triangle 4b, where AB=9g,. A8, oi8, and BAD 6e 
27”; find the Se Hence £cBD=bY “ “b.. 

In the triangle ABF, find AF 10, 65 miles, and FB=15,64 miles. 
In the triangle FB, find FC 14, o2 miles. | 7 


ANSWER, FA=10,65, FB=15,04, FC=14,02 mile. 


” 3 
. Mm LY 8 — — ä 4 4 * 3 
mt — 
* 1 — } * 


QuesTion XVIII. 4 night, having eq anchor amang a claſſer of iſlands, 
T thſerved three lighthouſes, : By.C 3 A bore NNE. bore SSE, E. and 
© bore weſt ; the diſtance frm A to n if 94 miles, fram n e 78, miles, and 
from A to c is 59 miles: required my diflance from each lighthouſe... 8 


SoLUTION. Let ABC be the triangle formed by the diſtances of be 
three lighthouſes; on Cg, CA, deſcribe (II. 89) ſegments of circles " wh 
ſhall contain the angles included between the bearings of e and p, and 
of e and 4; and the interſection p of theſe circles, is the point where 
the ſhip caſt anchor: through the centers H, k, draw g E, b G, at right 
angles to CB, CA, meeting the circumferences of the circles in E aad G 


and draw EB, EC; HB, nc; GC, GA; KC, KA; and join KH cutting 
CD in m. 8 


4 Nor 
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Now: becauſe cD/is a chord common to both circles, therefore x bi- 
As it in m: alſo, becauſe /cDs and 4 ces together are . meaſured 
. by half the circle (IL 128) ; therefore C= 180 4. c; and for the 
' fame reaſon, the Cc 18 -c; therefore the angles CB, 
CA, are 2 and (II. 127) lo — ei equals cn — 5245 
rr 
050 the langle. CAB, from the given 6 des ind Leab= - 65% 48, 
£.CBA=38? 44”, and the C Acßgg S850 280%. 

In the right: angled. triangle ca H, where 89 * m. n 428261 
5247; find g= 44,22 miles. 

In the right angled triangle Ch K, where cB=291 m. (ck b=659 
30% find CK=31,93 miles. ©. RO 
In the triangle KcH, "where Kc=2 1,93, CH=44322, the ZKcau= 
136%.067 K LACB+ Such * rg , 40's and * 
chr ige . e 

In the right angled triangle cn, "hate, len m=189 14, ind CH 
24,22 m. find C 13,84 miles, —_— doubled: e 
miles. 5 

In the triangle ACD, where cD=27,98 n m. „ LEAD=250 402 „ and 
LACD=q12 40 ; find AaÞ=32;6 miles. 

In the triangle aps, where aB=94 miles, Lava=12* 2217 4A 

JI" 7 bind nr miles. ; 

is 42,6 miles. x 

Auswen. Toe diſtance from D 125 is 2760 _— 

0 SAT; e EM EE _— 


= — III 4 — 14 2 — N 1 % * a . — 
— 


er XIX. Ir latitude 489 00 NV. "We Wee a 2 7575 a * 
* who upon receiving 01 our broadſide lay to and we Nod away V.; 
ſeme tin after the privateer bore 'away NE. 5. N. and two hours 4 ers 5 
baving by our eflimation run ten miles, was den miles direcbiy ea 22 of of us. 
Now by our. account we had failed four leagues ſince the action, and the tide all 
the time had run tibo miles an an required the ſetting of the tide, the 
time the privatcer foy to, our F rate of failing, and za — 5 7 reer courſe and 

diſtance. 


* > 


SOLUTION. Suppoſe the action at a, then e to the NN. 
and NE. 4..N. thumbs, draw AB=12 m. AC=10 m. and join ze; 
through c draw cD=7 miles due weſt; join BD, and in this line pro- 
duced take D1=4 miles, the tideꝰs drift i in two hours; draw CF parallel 
and equal to 51; through r draw a welt line FG, meeting BI in 1, and 
a meridian through A, in G; and draw AF, ar, which repreſent the 
runs of the two ſhips, F being the place of the privateer when ſhe was 
feyen miles eaſt of the other ſhip then at . 

In the triangle ABC, where AB=12, AC=10, andz.BAc=569 153 
LACB=719%31F', LABC=5$29 1 34 , and BC=10,52 miles. 
161. the trian ngle BCD, Where 8 CD=7 m. 28 
in —56® 15“); find ab, igg 40, L.DBC=269 04 

BD £43197 miles, which 1s the tide's run while the e lay a 


4 "4 „* k - * 
# # 4 - » — * 
3 * 4 2 — - 
Yr » 2 
* 
p 0 


* . 
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In che triangle ACF, where c4=10 m.  CF=4 m. and LACE=B29 
25 (S4DCF— 4 Dca); find 4 AFC=74? 521 4CAB=22, _ 425 and 
AF=10,27 miles, the. Wiſtande ſailed by the privater... 

In the right angled trian le AGF, where Ar = 10, 27. the LFAG=Z 
(464c + Z.CcAF=) 569 27; find a6=5,675, and Gr=8,56: miles. 

In the right angled triangle AGI, where A0 6,575, Gl ert 
Gr) 1,561; find 2Gar=15® 237, and ar 5, 886 miles. 

now 44197 m. divided by. 2 m. per hour, gives 2,098 h.=2 ths 5m. 

21, 

The privateer lay by 2 h. 5 m. 52 f. nearly. 
The tide ſets S. 489 40 E. 
The privateer ſailed N. 56 27 E. n 10,27 miles. 


5 ANSWER. | 
4. EThe other Gp failed N. 15 Sade diſt-nce Sr 99 er 


& 4£ * * 


QuesT1ON XX. From the ports A, k, c, lying ander the ſame parallel * 
latitude, being bo miles, and c 160 miles to the eaſt of A, three ſhips ſail 
towards. the NIV. quarter. and meet together, B having ſailed two paints, and 

I points farther from the meridian Hay A had required the wk 950 
die e each ſhip has run. "9 r 


— 1 „ 


i 


SoLUTION In an eaſt and welt line cp, take CA=160 m. A8 
bo m. make the angle ACE=2 points 22 30, the angle CAE=1Z 
points = 16? 527; and join EB. 

rough. the points AEC deſcribe a ciccle, carfing the line EB pro- 
duced in EH, and join HA, H. 
Fo ow Z.AHESLACE; and /BHC=/BAE. Cl. 120) 
here fore ſhips failing from A, B, c, and elne in , their couiſe 
will differ by the quantities propoſed. 

For drawing a meridian HD, the angles DHA, DHB, DHC, will re- 
! repreſent the angles which the ſhips courſes make with the 
meridian. 

15 the triangle ACE, where ac=ibo miles, Ac 14 pak; L 
FLA=Z2 points, and ZAEC=122 points; find the fide zc 573.2 miles. 

In. the triangle ce, where Bc=100 m. CE=7 3,24 and the in- 
cluded. LE BCE=22" 39 55 find the angle cEB=116® 37', and = 
40 53“ 

Hence ASH 40 53/ (II. 93); the LHABS11G? 37”. 7 

In the ti ĩangle ans, where AB=bo, and all the angles are known, 
find A A 102, miles, and HB 1407 miles. 

in the triangle Anc, where 4c = 160, and all the angles are known, 
find nc 225,5 miles. | | 


s Kue is N. 25·37 W. aillanse 102,6 m Hes. | 
FEE e's courſe is N. 4907 W. diſtance 140, 2 miles. 
” & $ courſe is N. 65 59 W. diſtance 22595 miles. | 


14 + 
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„ SEGLIDONINGj- 

Of the Surveying of Coaſts and Harbour. 
From what has been already ſaid in the preceding ſections an intel- 
gent reader would ſee, how the buſineſs of taking the bearings of part 
of a coaſt, and of plotting or delineating it, might he done. But as 
there are ſome particulars, which can be gained only 1 experience in 


the art of ſurveying, it will not be improper to apprize the learner, con · 
cerning them, to qualify him to go more readily to work. SOD 


52. To take the draught of part of a toaft in ſailing along it. 
Iſt. Having brought the ſhip to a convenient place, from which the 
principal points of the coaſt, or bay, may be ſeen, either caſt anchor if 
it ĩs convenient, or lie to as ſteady as poſſible z or if the coaſt is too thoal, 
Jet the obſervations and meaſures be done in a boat. Then while the 
veſſel is ſtationary in that ſituation, take the bearings in degrees of fuch 
points of the coaſt, as form the moſt material projections, or hollows 
with the azimuth compaſs ;- write down theſe Bein s, and make a 
rough ſketch of the appearance of the coaſt, obſerving carefully to mark 
the points the bearings of which had been taken, with letters, for the 
ſake of reference. | : 5 
2d. Then let the ſhip or boat run in a direct line, which muſt be 
very carefully meafuted by the log, or otherwiſe, one, two, or three 
miles, more or leſs, until ſhe comes into a ſituation from which the 
fame points before obſerved can be ſeen again. There let the veſſel lic 
ſteady. as at the foregoing ſtation, and obſerve again the reſpective bear- 
ings in degrees of the ſame points, which are alſo to be written down, 
and a rowgh ſketch of the coaſt ſhould alſo be taken from 'this ſtation. 
But while the veſſel is running the baſe line from ſtation to tation, a 
mote accurate drawing of the appearance of the coaſt ſhould be made. 
3d. To map theſe eee. In ſome convenient part of a ſheet of 
per deſcribe a circle, draw the magnetic meridian, lay off the ſeveral 
bearings taken from the firſt ſtation, and let them be numbered 1, 2, 
c. on*the outfide of the circle: lay down alſo” the derer hearings 
taken from the ſecond ſtation, let theſe be numbered 1, 2, 3, Cc. on 
the inſide of the circle, obſerving that the bearings of the ſame points 
are numbered with the ſame figures. : 4 
Ath. Draw a line to Expreſs the ſhip's run both in length and courſe; 
and from that end of the line expreſibp the firſt ſtation, draw lines pa- 
rallel to the reſpective bearings taken from that end, and marked on the 
dutſide of the circle: alfo from the other end, draw lines parallel to 
the bearings taken at that end, and noted on the inſide of the circle; 
mark the inter ſection of, each pair oß lines, directed to the ſame point, 
with thę number annexęd ta their bearing: and through the interſections, 
ſo marked, draw, 1 nn a cutved line, obſerving to wave the line 
in and out, as near as can be, like the bending of the coaſt itſelf. 
Laſtly, Set off the variation of the compaſs from the north end of the 
maznetic meridian towards the right hand, if it be eaſt, or towards the 
left hand I tt be weſt, and draw the true meridian through that point 
and the center of the circle, 
4 5th, A- 
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sth. Againſt each part draw the appearance of the elevated, or low 
ground as marked in the ſketches, diſtinguiſhing rocks, cliffs, high» 
land, low-land, ſand hills, &c. If there are any currents, or eddies, ex- 
preſs them in their proper places * darts, or arrows, the points being 
turned that way the current ſets. Put in the ſeveral ſoundings at low 
water in ſmall figures, diſtinguiſhing whether they are fathoms or feer ; 
ſhew the time of high water on the full and change days by Roman fi- 
gures, and tell the riſe in feet. Put in a compaſs, and a ſcale of miles or 
leagues, ſuch as the veſſel's run was laid down by; add the name of the 
place, the coaſt, and the latitude and longitude, as true as can be obtained. 
'  Gth. If there are ſhoals, or ſands, on the coaſt, let them be taken b 
a boat ſailing round them, and keeping an account of the courſes diſ- 
tances and ſoundings. But to put them in the draught, the boat muſt 
take the bearings of two points on the coaſt, the bearings of which have 
been taken from the ſhip, from ſome part of each ſand or ſhoal ſo ſailed 
round. Or, the bearing of the boat at ſome part of the ſhoal,. or of 
ſome beacon in that place, muſt be taken' by the ſhip at each of the 
ſtations where ſhe took the bearings of the ſhore ; for - either of theſe 
means one point of the ſand being ohtained, the reſt of it can be laid 
down from the boat's account. 5 f 

7th. If the coaſt to be ſurveyed is a bay or harbour, winding in ſuch 
a manner that all its principal points cannot be ſeen at two ſtations, let as 
many baſes, or lines, be run and meaſured exactly, as may be found ne- 
ceſſary ; obſerving that theſe ſeveral baſes run join to one another in 
the nature of a traverſe, and that each new ſet of objects, or points, 
obſerved, be taken from two ſtations at the end of a known diſtance. 
Or, look out for three or more remarkable objects on ſhore, which 
lie as far out of a right line as poſſible, and may be ſeen from every part 
of the bay or harbour which is to be ſurveyed. From any convenient ſta- 
tion let the bearing of one of theſe objects be taken with the compaſs, 
and the angles which are ſubtended by this and each of the others, be 
obſerved with Hadley's quadrant. Let the ſhip run from this ſtation, in 
a direct line; as far as the nature of the place will admit of, meaſuring 
the diſtance run by the log. Bring the ſhip to, or come to an anchor, 
and let the angles which theſe objects ſubtend be again meaſured with 
the quadrant, and the bearing of that object be ſet with the compaſs, 
which was ſet before. By theſe means, the ſituations of the objects en 
ſhore will be had with reſpect to one another, and to the baſe line } after 
which the poſition of any point may be obtained, by meaſuring the an- 
e at that point, by any two pairs of them, with Hadtey's 
quadrant, ; 9 00  15Ss og 


* 


; Y 


th. If any particular parts of the harbour cannot be conveniently ſeen 
from either of the ſtations, take the. boat into thoſe-places, and having 


2 4 


4 ; | chut ch, 
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church, mill, houſe, noted tree, a cliff, or any other remarkable thing 
that can be dĩſtinctly ſeen at ſea, and which can be brought to bear in 
the fame right line with the point to be avoided. But if that point is 
under water, there muſt be two land-marks brought to bear with the 
danger, in the ſame right line; and alſo two others which are in a di- 
rectien, as nearly at right angles as can be to che former two; and that 
thoſe land-marks may be put down in their proper places in the chart, 
their bearings muſt alſo be taken from two of the ſhip's Nations... 

' Toth. Tt ſhopld be remarked in the draught what places are unfit for 
anchorage, and what are fit, by writing rocky ground, foul anchorage, good 
enchorage, $Cc.; and in the latter to draw the figure of an anchor. Alſo, 
if there is any particular channel more convenient to fail through than 
another, it is to be pointed out by lines drawn to its entrance ſrom two 
Pr thre Hoted marks aſhore, : © TIES 
The foregoing method of ſurveying a coaſt. ſuppoſes in general, that it m 
it is taken by a ſhip in her paſſage along, not having an opportunity of the i 
| Foing aſhore. But when the circumſtances will permit the meaſures and A 
obſervations to be made on land, the ſurvey can be taken more accu- 


rea 

rately than on the water. | 4 | Ben 
7 | | 5 5 a Nr | fore 
1 To ſurvey 4 Harbour by Obſervations on Shore. be, 
iſt. Make an eye · draught of the place to be ſurveyed ; and in going give 


round its coaſts, fix ſtation ſtaves, or ſtraight poles, tall enough to be 
ſeen at a confiderable diſtance, in the moſt remarkable points and bend- 
ings of the ſhore ; but if at any of thoſe places there is a noted tree, 
houſe, or any other remarkable thing, that object may ſerve inſtead of 
a Ration ſta; and it will be convenient to black, the ſtaves, and tie a 
piece of-white bunting to the top of each. Then in the eye-draught 
put letters at the noted points, or marks, for the ſake of diſtinction-. 
. * Chuſe the moſt extenſive and level ſpot of ground vou can meet 
with, to meaſure your baſe line on, which ſhould not be leſs than 2 
tenth part of the diſtance of the two extreme objects which ate to be 
obſerved; and let the direction of the meaſured baſe line be ſuch, that 
as many of the ſtations as poſſible; may be ſeen from each end of it. The 
bearing, or poſition, of this baſe, muſt be well determined in degrees 
and minutes; and its length accurately meafuced, either by a meaſur- 
ing chain, or by a piece of log line. 9 * 
3d. From each end of the baſe, obſerve with Hadley's quadrant, the 
angles ſubtended between the other end and each of the ſation ſtaves, 
or objects vhich had been before remarked at each point or bending of 
the coaſt; and write them down orderly in your book, or mark them 
an'the-cye-dravght. - : cen adh; 35 23359 1610037168 rar 35 f? 
Ach. Then iheſe meaſures and angles being plotted; or laid ddwn, 
will give ihe moſt conſpicuous points of the ſhote;' the intermediate 
"ſpaces are to be filled up from the ſketches of them made on the ſpot, as 
e ibpont nord TAIT 25 01 o7EPT £6! 
sth. Bat if any:of-theſe objects ſhould fpread' on either band ſo far 
beyond the limits of the baſe, that at either endithe other end and;thoſe 
objects or ſtaves (bould appear nearly in the ſame direction, or to mia 
angles not exceeding 10 degrees; or, if ſpme of the remarked objec 


: : can 


4 2 
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can be ſeen only from one end of the baſe; then let the bearin s of 
fuch objects be taken from a place, the poſition of which, has — 
determined from both ends of the meaſured baſe: or, if there are ſeve- 
ral remarked objects Which cannot be ſeen from either end of the baſe 
line; let the bearings of ſuch objects be taken from each of two points 
the poſitions of which have been taken from both ends of the baſe : or, 
it may on ſome occaſions be proper to chuſe anotber place, on which 
another baſe of a convenient length may be meaſured, and from the ex- 
tremities of which the ends of the firſt baſe may be ſeen ; and alſo, as 
many as can be of the remaining objects which lay too oblique ſor the 
firſt baſe, or which could not be ſeen from it: in ſuch manner proceed 
until the bearings are taken of all the points that are judged neceſſary 
for completing the ſurvey of the harbour, EE 

If a baſe of a ſufficient length cannot be meaſured in one right; line, 
it may be taken in two adjoining lines, as the two fides of a triangle; 
the included angle being accurately taken, and the bearing of either line. 
The poſitions of objects taken by a magnetic compaſs being liable to 
great uncertainties, as is well known to thoſe who have had any expe- 
rience, eſpecially % ; the mariner bas therefore been directed, inthe 
foregoing inſtruCtiogs, to take as many of the angular poſitions as may 
be, by the Hadley's quadrant, the deſcription and uſe of which will be 


given in the IXth Book. | 


54 When the outlines, or limits of an harbour, bay, road, &c. are 
delineated by the preceding precepts; the appearances of the ſhores 
with the adjacent remarkable objects correctly drawn; a compaſs with 
the variation and ſcale properly fitted to the plan; the iſles, rocks, fands, 
&c. marked in their proper places; the ſetting and drift of the currents 
and tides; the times of high- water on the days of full and new moon, 
with the riſe of water at thoſe times, and whether whole tide, or tide and 
part ; the beſt anchoring places, with their ſoundings at low water, and 
the winds open to them; the beſt track, with the foundings all the 
way to thoſe anchoring places; the proper failing marks to avoid dan- 
gets; the winds, if there are any troubleſome ones, which prevail, and 
at what ſeaſgns ; the places where freſh water can be got, and the time 
in which a boat's crew. can filka number of hogſheads at thoſe places; 
the name of the place, the country'in, on what ſea, the latitude and 
longitude z a Ketch of the appearance the place makes at ſea upon a 
known thumb, and at an eſtimated diſtance; and whatever elſe a judi- 
cious, ſeaman ſhall think proper to inſert; then is the plan fit for all 
nautical purpoſes. But as it is uſual to embelliſh ſuch-drawings' with 
proper colours, the ſollowing obſervations. may be uſeful to beginners. 
55. A draught's-man ſhould be furniſhed with ſome, if not all of 
ccheſe particulars, viz. 1ſt. Black- lead pencils: 2d. One pair of hair 

pencils, with the quill about the ſize of a common pen, and the hairs 
nat ſhorter than an inch, nor longer than 3 inch; another pair or two 
of a ſize or two ſmaller; they ſhould all draw to a fine point when wet- 
ted; and that wet point be drawn through the margin of the flame of 
a candle to take of the ends of ſtraggling baits, if there are any: 3d. A 
marble of five or fix inches ſquare, and about 4 inch thick, in which ate 
four or fix,” or more little round cavities, or cells of about 14 inch 
SLA + | — dijamete-, 
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diameter, and { inch deep, to put liquid colours in when uſing; or, Th 
for want of a marble a few horſe-mulcle, or ſuch like, ſhells : 4ib. A ginne 


cake of good Indian ink: gth. A little paper of carmine, which is 2 
fine red colour: 6th. A piece of prepared indigo, which is a blue: 7th. 
A piece of prepared yellow: 8th. A piece of a ſap-green: gth. A 
piece of Spaniſn liquorice, or ſome liquid brown made by a ſtrong ſo- 
ation of tobacco in boiling water: 10th. A ſmall vial of diſtilled ver- 
digriſe, which is a fine ſea-green : 11th. Some gum Arabic diſſolyed in 
water. Theſe particulars are to be had at colour ſhops ; where the co- 
Jours in lamps, or liquids, are generally prepared with a ſufficient quan- 
rity of gum in them; but thoſe in powders mult have a pencilful or two 
of gum-water put to them, when they are uſed. P 
$7 The colours in lumps are beſt uſed by rubbing one end of the lump 
ently in a cell in the marble (or on a tiles) till asmuch is wore off as 
judged' neceſſary for the preſent uſe; and it is beſt to rub otf freſh 
colour as it is wanted, and not to have too much at a time. If the co- 


feſled, 


Jour firſt rubbed up is to ſtrong, as it generally is {unleſs for finiſhing 

touches, put one or two pencils full of that colour into another cell, 7 
and lighten it with one or more pencils full of water; remove ſome of Wt griſe 
this ſecond colour into a third cefl, and lighten this with water; and fo the f 


to a fourth cell; by this four different tints of that colour will be had, and 
which will be found quite ſufficient in the moſt finiſhed piece; in moſt narre 
caſes two tints will do. 5 

In the uſing of liquid colours the pencil ſhould be well wetted with poin 
the colour, and then gently drawn acroſs the edge of the cell, to bring | 
the pencil to a point, and free it of ſome of the colour; for the pencil 


1 
ſhould not be quite full, unleſs it be to cover a large ſpot of the drawing. or 
56. When a perion, unaceuſtomed tothe uſe of colours, begins to work of. 
with, them, he may acquire by degrees a facility in laying them well on 


paper. Thus, with black-lead pencil draw two parallel lines at about 1 
= inch apart, and with the lighteſt of the aforeſaid tints ( ſuppoſe of Indian 

ink,) let him try to colour the ſpace between theſe lines; and repeat the 
trial with other lines, until he finds he can cover the ſpace with an uni- 


ſorm tint, and keep exaQly between the lines. Let him try in like man- ( 
ner with all the tints gradually to the deepeſt (which is about as black as anc 
good writing ink,) and the moſt difficult to uſe ; and when he finds he ane 
can ſucceed in all the tints, and his hand is accuſtomed to keep the colour Pre 
exactly to a line, which he may acquire in a few days, he may proceed Inc 
thus. Witha pair of pencils fitted on a ſtick, one for colour, and the other | 
for. fair watery, let him lay a tint cloſe to a fingle line, and ſoſten off the dr; 
other margin with the water-pencil ; let him try to do this in ſeveral di 
examples, ſome on one fide, and fome on both ſides, of the colour, 
taken of different tints, until he finds that he can ſucceed fo, that the co- of 
lour ſhall, from the deepeſt, gradually become fainter and fainter, until 
it Toſes itſelf in the whiteneſs of the paper; obſerving, iſt. not ta lay on 
a tint longer than 14 or 2 inches, before the water- pencil is applied to 1. 
ſoften its margin; leſt the colour ſhould dry too faſt: ad. not to have at 
the water-peucil too wet; leſt it run into the tint too much: 3d. at each 3 
length the water pencil is uſed to, let its point be ſtroked on the hand, b 
or on 2 wafte-paper, to take of the colour it had imbibed in waſhing N 


chat length; otherwiſe the next length might be of a different tint, It 
. , V 4 t 6 ; 


drawing with a kind of broken 


— 
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— The foregoing obſervations being well attended to will enable a be- 


ginner to work properly with colours, in plans. But ĩt muſt be con- 
fefſed, that half an hour employed in Kerle theſe operations performed 
by an artiſt, will furniſh more knowledge in theſe matters, than can be 
drawn from a multitude of verbal inſtructions only. : 


57. The young artiſt knowing how to uſe his colours, and graduate 
their tints, may proceed to colour the plans of harbours, and their coaſts, 


thus: 


The ſhores on the land- ſide are to be ſhaded with Indian ink; the 
breadth of the tint being between the limits of about and + of an inch, 
and laid on at three times; viz. 1ſt. a light tint laid cloſe to the ſhore 
with the margin on the land- ſide ſoftened off: 2d. A deeper middle 
tint, laid alſo cloſe to the ſhore, but of a leſs breadth than the former, 
and the inſide margin alſo ſoftened off within the firſt waſhing : 3d. A 
fine line traced on the ſaid ſhore, with a hair pencil charged with the 
deepelt tint, and not ſoftened on either fide, So. 

The ſhores on the water-ſide are to be ſhaded with diſtilled yerdi- 
griſe ; the breadth of the tint about ꝓ inch, and laid on at twice; for 
the firſt tint, about half water and half colour, laid cloſe to the ſhore, - 
and the water · ſide margin waſhed; the ſecond tint of verdigriſe only, 
narrower than the former, laid cloſe to the ſhore, and not waſhed. 


Sands, dry at low water, to be covered pretty thick with, fine black 
points (ſee figures 12, 16, 18. 20, in Plate IX.) the ſand coloured with 
brown, and the borders on the water-{ide, ſhaded, with verdigriſe 
waſhed, or ſoftened. 2 000000011 

The plans of buildings on the land to be coloured with a light tint 
of carmine, and the limit, on the inſide, touched round with a deeper 
tint. F I RO | 
'Freſh waters to be expreſſed by a colour of half verdigriſe and half 
fair water, ſhaded with a light tint of indigo; or, with a tint of indigo 
alone of a light ſły- colour, interſperſed with fine ſtreaks of white. 

Green colours of various tints may be made with ſapgreen, yellow 
and blue tubbed together, with a peneil full of verdigtiſe among them ; 
and with ſuch colours wobds and grafs lands may be expreſſed, when 
properly broken in with trees, buſhes, and little irregular daſhes with 
Indian ook. WH 1G eee i de en vak 
Arable or ploughed land is expreſſed by covering the ſpot in the 
parallel lines, done by a hair pencil 


oy 


* 


dipt in a brown, or clay colou .. 1 
Muddy ſhores, at low- water are ſhewn by laying on a middling tint 
of Indian ink, and laying over that a tint of light verdigriſe. 
The drawigg and colquring of rocky ſhores, ſteep banks, hills, 
marſhy: ground, and the manner of breaking the ground in plans, &c. 
are beſt) gained from examining a coloured plan done by à proper profi- 
cient; but where that is wanting, a pretty good taſte may be gained 
by conſulting printed plans and views, ſuch as are in Lord Anfon's 
W e / Mc œqꝙq Es 
ain B+ £31 e a 8 Sea- | 
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Ses. draughts taken accord ing to the preceding precepts, and neatly 
drawn and coloured, beſides the real uſe they may be of, cannot fail to 
recbtnmend the young mariner, who ſurveys and conſtructs them, tb 
r oy otwons prom inn Hon Five ger 


— 
£5 ++ ad * 4 # 
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Beſides the method of finding the diſtances of remote objects by tri- 
gonometrical compurations, there are two other means which may be 
Flekolly applied when the formet cannot; and theſe ate, the motion of 
found, and the curvature of the carth. „ ra eh ol 


mow © 


38 A $6379 Dy! "I SIE B04 15) 
838. + 1.1 Of. the, Motion of. Sound, 


It is a well known obſervation, that the noiſe or ſound ariſing from 
any blow, or ſhock, made at a diſtance, is always heard ſome time aftcr 
the ſtroke is. feen, or known to be given; and hence it is generally con- 
cluded, that the ſeeing of any act done within view is inſtantaneous, 
but that ſound travels at a perceptable rate. e, e, eee 
Some of the moſt eminent ꝓhiloſophers, judging that the knowledge 
of the flight of ſound might be of uſe on various occaſions, have been 
at extraoidinary pains and expence to meaſure, the rate at which it 
moved, and the reſult of their experimeyts, particulatly of thoſe which 
were beſt conducted, is as follows. = | | 
ift. That the velocity of ſound is the fame; whether by ſea or by 
land, in dry or in rainy weather, by day or by night, in winter ot 
Camber 5 d eee e ed 21 4-5. ene he 
Ad. T bat ſound, whether more or leſs ſtrong, flies with the ſame ſwift- 
neſs. For by experiments; a cannon bred with a halſ- pound charge of 
powder was heard at about the diſtance of 1545 miles in the ſame time 
aſter the ſlaſn was ſeen, as it was when fired with a charge of lb. 
3d. That the times in which ſound is heard are proportional to the 
diſtance; that is, at a double diſtance it is heard in twice the time, at 
a triple diſtanee in thrice the time, GC G46. 
| +. That found flies quicker or flower by juſt the velocity of the 
wind, according as it blows with or againſt the motion of the ſound. 
th. 'Thar ſound travels at the rate of about 1142 feet, or 380 yards 
in one ſecond of time; ſo that '- 7929 bn WET. $2 
Sound moves in 1 ſecond, 1142 fect, or 380 yards. 
e e 1 ee nee 2284 yards,.or about 13 miles. 
Which. is, about a mile in 4,6 ſeconds, or about a league in 14 irconds. 
But ſea miles ate to land miles nearly as 7 to ß. (V. 73.) 
Ihereſote ſound runs à ſea league in about 12 ſeconds of time. 
It is a common obſervation, that perſons in good health have about 
5 Pulſations, or beats, of the artery at the writ in a minute. 


7 59. There- 
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59. Therefore in 75 pulſations ſound flies. about 13 land miles, and 
about 10 ſea miles; which: is. about qne land mile in ſix pulſes, and 
about one ſea. mile in neat ſeven ꝑulſes, ot à league in 20 pulſes. 

And hence the diſtance of objects may be found by knowing the 
time, which ſound takes to move from thoſe objects to an obſerver. 


Ex HE. Upon ſecing the flaſh of a gun at fa'l counted 56 beats of 
the pulſe at my wrijt before 1 heard ths report : how far was that gun from 


me? 15 : « . \ 1 8 > \ % — = i | F - 1 2 
Now 56 divided by 20 gives 258 leagues, or about eight miles. 
| 1 N ne 8 e ee wy "STI Y * K 


LELES 7. Ws. Gr 5% & T? 01 " 1 N22 1 BY. ur 1s 
60% To find the courſe feered by a Ship ſeen at a, diſtance. 


„„ „ 


OT, take oP, OR, as 
the given intervals of time, in minutes, 
taken from any ſeale of equal parts; and 
through. P, R. draw lines parallel to or, 


. 


: * 


cutting os, OV, in A, c. 7 N 
Then a right line drawn through A f 4 S 
and C, cutting or in B, will ſhew'the poſt * R. MAC of » 292 
tion, or the courſe; that veſſel was failing. . 


For drawing cn parallel to Ry, and cutting PA, 0B, in , ö; then 
ab, bc, equal to Po, on, are as the times; 
and ſo are the lines AB, Be, by ſimilar triangle... 4 7 

Although by this method the apparent coutſe may, be determined and 
alſo the relative diſtances at any propoſed times; and among others, 
the neareſt or leaſt diſtance; yet the abſolute diſtances are not hence 
to be found; and if the obſerving ſhip ſhould change its place in the 


mean time, the poſition of Ac will become uncertain. 
nt At node 
61. Of the Curvature of the Earth: 


| 20 Try, Jt} ' 110 . 0 lig n un on 
Noſt perſons, know, that. if they are raiſed above the ſurface, of: the 
adjacent land or water, they can ſee: not only diſtant objects that lie on 
that ſurface better, but alſo ſee tlioſe which are mere and more remqte, 
as they advance higher. The irregularity. of the ſurface. of the land 
will not be ſubjected to any one rule, that will gire the diſtance ta 
which objects may be ſeen at different elevations ; but at ſea, where 
there is generally an uniform curvature of the ſurface of the water, 
the ſpherical figure of the Earth being admitted, thoſe diſtances may be 
hf eompmed...:. „ 3 3 R 
62. Let (ſee fig. 12. Pl XIV.) the eye at E be raiſed the height x8 
above the ſurface s of the water; then it will ſee an object at / on the 
ſurface, in the tangent E, which is the diſtance of that object from 


the eye. 
| Now 


73 > PLANE SAILING. Bob vn. 


© Now in the triangle = fc, right angled at fn. there are known the 
ade © Fer ſetnidiameter of the Earth, and Ahe fide cx equal to the fe- 
midiameter cs increaſed by s the height of the eye: to find: the tan- 


« » * 


gent 2. 


And by this Rule was the table at Alüche 65 computed, the diame- 
ter of the Earth being taken at 41798117 feet, according to Sir Iſaac 


Newton's numbers. F {SO 
This table may be uſefully applied to eſtimate the diſtance of an ob- 
jeR at ſea, the elevation of that object above its horizon being known. 


© ExamPLE I. Sailing towards @ headland, on which ts a lighthouſe, che 


vated Goo feet above the ſurface of the-water, we ſaw-the lig his at night ju 
__ * the horizon : = far were we at. that time * from 1 
4 | 8 $ A fy „ rern 


Seek in the table at Article 65 for 600 feet in ihe column ſigned 


beigbt in feet, and right againſt it, in the column ſigned diſſanc- in miles, 
ſands 29,994 fo that che diſtance may be reckoned about 30 miles. 


- © ExanPLs II. Being walling m a ſandy beach, in company with: fon 

merchants who were laoking out for a veſſel which was then gc rr} rp 
whoſe top-gallont maſt was 140 feet above the ſurface of the water, we ob- 
ferved, with 4 teleſcope, a ſhips — 7 appearing in the horizon : how far 


off was that ſhip, ſuppoſing it the veſſel ape? 
AxswER. Againſt 140 feet, the height ſtands 14 | 8; that is * 
diſtance is about 144 miles. : 4 106 ; 


63. Here is no allowance made for the height of the eye above the 
horizon ; but it is obvious, that the higher the eye, the — it can 
ſee. Now as objects are ſeen in a ſtraight line, and that line is a tan- 
gent to the earth's furface ; therefore it follows, that te find the diſtunce 

f two elevated objetts, when the right line joining them touches the ſurface of 
the Earth between thoſe objefs ſeek the diftance anſwering to each height, and 
the ſum is the diffance ſought. 8 on 

Thus in Example IT. ſuppoſe the eye is raiſed fix feet above the water's 
edge, it can ſee an object on the ſurface 2,999, or three miles off; this 
dittance being added to the 144 miles, makes the diſtance of the ſhip 
© be mies „ . 25 Toſs 


Ex ant» 


* 
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ExAaMPLE III. A mon being on the main-top-gallant-majt of a man of 
war, 200 feet above the water, fees a 100 gun ſhip ſhe had engaged the day 
before, hull to: how far were thoſe ſhips diſſantt?“ 


A ſhip of 100 guns, or a firſt rate man of war, is about 60 feet. from 
the keel to the rails; from which deduct about 20 feet for the draught 
of water, leaves 40 feet for the height of her quarter above water: now 
a ſhip is ſeen bull te, when her upper works juſt diſappear, | 


p< Thea 200 ſeet high give 17,376 miles. | 
_ © And againſt 40 ſeet fand 7,744 miles. | 
| Their ſum, ... = 25,060 miſes, i. thei diſtance 


64. It might 3 hereafter be found uſeful to mariners, could a 
liſt of the moſt conſſderable lighthouſes, and other elevated objects in 
fferent parts of the world, be obtained, together with their heights 
E. For as ſome of theſe objects are ſo high as to be ſeen 


at the diſtance PIER miles, and even more; and as their di- 


ſtances upon being firſt ſeen could be known near enough by the table 
at Art. 655) were their heights known ; therefore ſuch a; liſt might, on 
ſeveral occaſions, not only give much ſatisfaction to a ſeaman, but 
even become of great uſe to know his diftance from thoſe objects, as 
he could thereby know how to increaſe or flacken ſail in order to ſave 
his tide, or other emergency ; alſo he would know better, how to lay 
down: the diſtances of rocks or ſhoals-that lie off a coaſt, c. But as 
ſach a liſt is not eaſy to be come at, unleſs ſkilful mariners would be at 
the trouble of procuring ſuch as occurred to them in their voyages, and 
on their return communicate them to ſome public body; therefore the 
curious in thoſe matters muſt. be contented at preſent with what is here 
already ſai⁴de. | N36 e . 


: N Jo 
* 1 
At 65, 
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Art. 6 5. 4 e for. finding. the Niece of eke ter- 
© ICY e eee „WV oc 
Height Diſt. in Hei — Diſt. in bende 5 * Hg Diſt. in Height Di 
n feet miles. 2 — miles. in feet in Leet miles fin feer | 
e mana 53 B05 þ 200 | ey 750 2256. 
2 | 2;73aj} 56 2 245 19,765 
3 | 2-344}. e 935 
4 | 2449} bz 9,6408255 | 19,553 
"2:6 2,7380] 65 9222 260 | 19,743 
6 2,999 68 | 10,097] 265 19,92 
7 | 3-239] 72 1,9 27% 40,719 
$ | 3-463] 74 | 10,573} 20,305 
1-9. | 3o6731j-:77 - 20, 489 
10 35872 $0 20,671 
| -4 20,851 
- 21,208 
21,558 
21.9030 
42,243 
22757801 
224907 
23,252 


23.5881 


14.58 


48,052 


48,979 
49,436 


48,517 


42.889 


50, 338 
50, 782 


51,223 


' 51,661 


52,094 


39,976 


31457 
3 1,930, 
32,396; 
32,855 


33-309 


32,524 
52,95 

527374 
537793 


54,761 
55441 
56,113 
56,777 
575474 


5472 1 bd 
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oints 


Sz © Points i 1 Point 2 Point 
| = (-05} + (-10] + [.15] o[.20] £ [254 1 [-30_+ [-36] o[\ 
IL. | Dep. Lat | Dep. Lat. Dep.] Lat. | Dep. Lat. | Dep. | Lat. | Dep.] Lat. 
0,051] 0,99] 0.10] 0,99 o, 15 0,980 0,20] 0,97 0,96] 0,29] 0,9 
0,20] 1,98| 0,29] 1,96 1,91] 0,58] 1,88 
©,29] 2,92] o, 2,94 2,87] 0,87] 2,82 
9.39 3.98 0,591 3»92 3-33] 1,16] 3,77 
0,497] 4295! 0,7 5} 4,0 4,780 1,45 4,71 
0,59 5,93 0,88] 5.89 $374] 1,74] 5,65 
©,09] 6,92] 1,03] 6,37 6, 00 2,03] 6,59 
©,78) 7,91] 1,174 7,85 7:66 2332] 7 53 
1 0,88] 8,90 1,32] 8,83 8,61] 2,61] 8.47 
51 0,93] 9,89] 1,47} 9,3: 9.57] 2,90] 9,42 
1,051:0,88| 1,6110, 9 2,110.67 2,6710, 53] 3,190, 36 
1, 181,87 1,7601, 77] 2, 341 f, 4 2, 921 1,480 3,48 11, 30 
1,2712, 860 1,9172, 75 2, 5412,61 3.161ra, 44] 3,77J12,24 
153741 3-35] 2,05113-73] 2,7 3J73,58/ 3, 401 3, 400 4,0613, 18 
1,474,842, 2014,10 2,9 314,55 3,6 4014, 3 5} 4,3 8114, 12 
1,574" 5:33] 2,315,569 3,121 5, 520 3,891 5, 310 4.6401 5.06 
1,6716,82 2,4916, 67 3,326, 49 4, 1376, 27 4,9 3J16, 01 
1,75117,81] 2, 6417,60 3, 5117,46 4,377, 22] 5, 22016, 9 5 6 
1,8618, 79] 2,7918, 64] 3,71 18,43] 4,6218, 180 f, 117,8 
12511928] 2,9119752 372. 19,4, 4.8619, 4 8,8 1018,83 
2,0620, 77 3,08Þ20,60| 4, 10%, 37 5, Ic O, 10 
2,16121,76] 3, 3K t, 580 4,291, 34 5,3 J 1, 05 
25252, 75] 3,37 ·2, 560 449Þ2,31] 5, 522, ol 
2353,74 3,523, 54 4,6823, 28 5,83 K2,97 
2:45]-437 3] 3, 674,52 4,8824, 5 6,07123,92 
2355125972] 3,8$1]25,50| 5. 075, 22] 6, 32124,88 
2,65 6,71 379 6,48 $227 26,19 6,5 2 5,34 
2,73Þ 7570] 4, 1127,46 £:46j27,16| 6,80f26,79 
2,848,690 4, 2828, 44] 5,66 28,13] 7,0527, 75 
294129457] 4, 4029,42 3,8 849, 1 5, 2928,71 
3-04132,66| 4 55130,41 77539, 65 ; 
3,7143 1,65 4,7031, 39 2.77.62 10,7 8/29, 56125 
3.23032,64 4, 8432,37 8,02 31,58 11,1230, 49020 
3-33133-63] 4.9913 3,35 8$,26132,54 | 
3143434902] 5314134933 8, 5033,49 
3+5303 5-61] 5,2883 5,31 8,784.45 
3.63136,60 5, 43136, 29 8.993 5,41 
3»72137-59] $53]37»27 942 3430, 36 
3-32138,58] 5,72]38,25 9.483732 
3+92139»57| 5,8739,23 9,7238. 28 
4, Ao, 56 ö, 02140, 2 
417,540 6, 1641,19 14,1508, 80% 
4212,53 6, 3142, 17 14.499,70 
4313,52 6,4644 3,16 14,8 340, 65 6700 332 
441144, 51] 6, &a, 14 155 716% f. 5% %% ->? 
4545,50 6,7 Ja, 12 15, 50042, 30% e 
4,61146,49] 6, 9046, 10 =: 
47,48 7,04[47,03 ll. 9 
4+30148,47] 7, 198, o6 * 00 
49049 .46 7, 3440, 4 . 
5500150, 45 7.48150, o 110 
5,10þ51,44] 7, 6361, oo OD 
$,19452,43] 797815 1,98 | he's 
2,65153-74| 52945341] 7,92452,96\16, 5452,38 nn 
5,3954, 40 8,075 3,94 10,7 3453-35 F 14.9 
52495 5.39 $,22154,92 10,92}: 18,5715 1+7412147P (1: 5,9 
5956, 38 8.365 5.91 19, 20052, 66, 
5,658.57, 37 un, 
5.78458, 360 8 '9 
5:38159,35 
. | Lat. | Dep. [ | Lat 
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+ © Points 


LM 1 Point | = 2 Points 12 
4 [-10l 4 15 o I. 200 4 251 > 300 + [+30] o [-41]5 


Dep. } Lai. Dep. Lat. Dep. Lat. Dep. Lot. Dep. } Lat. Dep. Lat. Dep. 


n 
1 
* 


n ad 
— — — RT —— r— ! wK2—2Xd 
= o = 


5.98100, 34 14,82[58,37|17,71457:43120,55)50, 3612 3+34] 2 
6,08;,61,33 r5,06]59,33]18,02153, 38 123,75] 62 
6, 17102434 15. 310, 2918, 2959.32 24,110 63 
6,2763, 31 15,5 561, 24/18, 58460, 26 2449] 64 


15,7962, 20018, 8761, 20 


24,87] 65 
16,0463, 16019, 16162, 14 


25,26] 66 


6,57106,27] : 16.2854, 11019, 45163, 0862,57 25,64] 67 
6,66467 ,2 6 16,5206 5,719, 74164, 23 26,02] 68 
6,7668, 25 16,776, o3Iz0, o3l64, 97 126,40] 69 


2073206 5,01 
17,257, 9420, 61%, 8; 
17,4968, 90020, 9067,79 
21,1968,73 
21,4859 67 
21,770, 62 
22,067 1, 56 
22,3572,50 
22,6447 3-44 
60122,93474,38 
1944170, 5512 3.2217 5432 


671: 6,79] 70 

27417] 77 | 
2755 72 g 
23,94] 73 
28,32] 74 
28,70] 75 
29,03F 76 
29,47] 77 
29,35] 78 
39,23] 79 
30,61] 3c 
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7+94]80,12111,883379,44 19,6877, 5 31,00 81 

8,0418 1, 11012, 03J80, 43 19,9278, 47 31127,6247 5,6031, 38 82 

8,1482, 1 20, 1779,43 6,68131,76] 83 

8, 2383, 0912, 3282, 39 20,4180, 38 132,14] 84 

8,3384, 8 20,6 58 T, 3 3132,53 85 

8,4318 5,07 Zo, gods 2, 30 28,9707 944 5132-91] 86 

8,5 386,06 21,1448 3, 2 5 29,3 1080, 3833,29 87 

„6387, o5 21,3834, 956 508 1, 30 [33,67 88 

; 572188, 04 21,6218 5,17 | 29,9882, 23034, 06 89 
4 8,8289, 02 21,8786, 12 30, 3218 3, 1534,44 go 
g 8,9200, o 22511087, 08026, 34,32] 91 
0 9,0291, col i3, 5090, 237,9 89,24 35,21] 92 


9,1249 1,9913, 6 59 1, 21018, 1400, 21 
9,2192, 9813, 79492, 1918, 3491, 18 
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8 96,12 
9.707.934.5307, 10019,3 ½%, o; 
8,92 14,5708, o8 19.51 


22, 6902. 30038, 27100 


0 9,9099, 9 14,8299, 06 34-03193,32138,65Þ01 
of 10,00] 00,9]14,97]100,0 34,36194,24|39,03]102 
of 10, TOgIO1T,9115,1T1glOol,c 8 34,70 5,15 39,42]103 
10,1902, 915. 260102, c 30, 1997,92; 5,46, o8 039, Soſio4 

10, 29 1t03, 91 5,403, 30, 4898, 863 5,37197,01140,18hrog 


10, 39104, 915,5 io, o 
10,4910, 8015, 70104, o 
10, 89106, 815,8 105,9 
10,6807, 8018, 99100, 9 


35771 77931455 
736, 598: 80/40, 95107 
36,3899, 78 4,3308 
21,2705, 7 36,72]1c0,7141,7 10109 
21,461106,7 37,06]101,E142,c9]110 
10, 88109, 816,29 108, 9/2 1,66þ107,7126.97]106,2|32,22104,5] 37,39] 02,6142>43]11 1 
10,981 10,8016, 4 3J109, 802 1,8 5108, 627, 21107, 232, 51t06, 537, 30403, 514235 
11,0311 11,8016, 53}1 10, 822,0 809, 627, 460108, 1032, 8006, 428,004, 44 3524113 
11,179112,5116,73]117,3[22,240110,6127,7cþ109, 2033.09 ff, 338,405, 343,63J114 
17727113, 816,871 12, 822, 44 11,627,941 10, 033, 38108, 338,74 06, 44, [15 8 
11,3714, [, oz 13, 822,631 12, 528, 181 11,003 3,67J109, 239,807, 244, 39 16% 

11,47 won 17,171114,8[22,83j]113,5128,430112,c13 3,961 10, 39, 42]t08, 44,7717 
11,576,717, 3 15,71, oz 14, 5028, 671 12, 9034, 25 11,1039, 5109, 04 5, 161718 
11,661 1,77, 461 16, 7/2 3, 22Jr 16,4028, 911 13,9134, £44! 12, oſao, gie, 945,54J119 
r1,76þ118,7117,6191 17 73,416,429, 16114. 8 34 83 J 12,0. 431 T0. 45, 220 
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TRAVERSE TABLE, 66. 


1 — —. — — 
3 2 Points 1 3 Points I 4 Pointe gd 
' G , x = — i 
7 + (-47]_+ [-53] + [-6_o [-67] + [-741-3 [-82] + [-91] 0 [1.09 
| a | Let; | Deo. | Lat, | Dep. | Lat. | Dep. | Lat, Dep. | Lt. , Dep. [Lat. | Dep. | Lat. | Dep. Lit. J Dep. a 
f x10 0,90] 0,43] 0,88 0,83] 0,56} 0,80] 0,604 0,77]. 0,63] 0,74] o, 6 0,71]-0,71 
| 1,81] , 8 J 1,76 1,11} 2,61] 1,19] 2,55} 21,274 1,48} 1,344 1,41} 1,41 
| 2f 2,71] 1,25] 2,65 1,67 25410 2:79] 2,32] 1:90} 2, 22] 2,01] 2,12} 2,12] 
| al. 3,62| 1.71 3.53 2,224 3,21] 2,38] 3,19 2,54] 2,96] 2,69] 2,83} 2,8; 
4:4! 2,75] 4:02] 2-98] 3,86] 3217] 3,70 3.36 3,53] 3:53 
3+33] 4332] 3,57 3-31 4,45 403] 4:24] 4-24 
3.89 5,62] 417} 5,41} 444] 5,19 4-79] 4:95] 4,9 
4+44] 6,43] 4-77] 6,18] 5,074 5503] 5237] 5:66} 5,66 
5,00] 7,23] 523%} 6,96] 5714 6,67] 6,04] 6, 36 6,3 
5.56} 8,03] 5,96} 7. +344 741] 6,72] 7,07] 7,07 
6,11] 8,83] 6,55] 8,50] 6,98]. 8,15] 7,39] 7,78] 7,73Þ1 
6,67 9,64] 7,15] 9,28] 2,60 8,89 8,0 8,4 8,49 I 
7422110,44} 7,74920505] 8,258 9,63} 8,730 9519] 9,793 
7»78]Þ1 1,24] $,343]10,82] 8,88}10,37] 9,40] 9590 9,9cÞ14 
8,33Þ2,05] $,93Þr 1,59] 9,51, 11010, 010, 61010, 610 
58912, 8 50 9, 5212, 37/10, 11,8 50, 71, 31017, 316 
9,453i3,65}10,12h13,14110,78þr2,60fÞ1 1, 4212, 0212 o 07 
14. 0610, cn4, 46010, 713, 911, 4273, 34112090127 3Þ12,7;Þ 
15, 80/10, 56% 5, 2611, 314,69 1a, 04, 0812, 613,430 3,430 
16,611. 12116. 06011, 9 tr 5,46} ra, 697 4. 8273, 4314, 1414.14 
8,0110, Sc 7, 4611, 6716, 8712, 5 16, 2313,32 5, 56014, 10014, 8 14,85Þ4 
18,87j11,31 12,22017,67|13,1117,011 £399 56, 3014, 7715, 5601 5, 56 
0,84419,7 3011, 8249, 122,788, 4713, 70, 78/14, 597, 04/1 5,4 516, 26016, 26 
| 1,69110,26Þ 1,17} 11, 30, 5912, 349,913,349, 2814, 30J18, 5515,22, 8016, 1276,97 16,9714 
[2 5j22,60j10,69þ2,05111,78]2 1,44} 12,8 520,78]: 3,3g9ho,08}14,89519,33)1 5550Þ18, 52116,79þ17,65}1 7,63Þ5 
| 28. 3,5011, 12,9312, 2, 30013, 371, 6114, 48420, 8815, 4920, 10016, 4979, 26,461 5,38 18,48] 
(27124-4111 1,551 3,8 1012, 7a; 3, 16013, 8822,45 5, ocgza, 68016, „58777, 12420, 01018, 13419, og 19, ch 
28 125,3 1¼11,97 f, 6913, zcg4, oz 14,79] 3,2815, 562,916, 682 1,641]17,76]:0,7 5018, 8 179, 80,19, 80 hf 
925, 212,405, 58J 13, 6914, 8814, 9 124, 11016, 17,281 22,4218, 392 1, 4919, 48020, 5 120, 51 
07. 12012, 86,4674, 1452 6,73 17,8712 31919, 2.2320, 552142 1/2 1,21] 
31 ES, oz. 3, 2 fJz7, 3414, 6 16, 59 23,9619, 72, 97 c, 21, 92“ 1,92]! 
. $32]8,93j1 3.6328,23}15,09]27,45 4, 40, 30Þ2 347 5}2 1, 4942, 63022, bg 
3389.8304, 29,1115, 568,31 9, 6t 2 5,5120, 9324,42, 16 3,3323, 
13413057 3014.54 9,9916, 039, 16 6,28021,57 5,19]22,85[24,c4124,04]4 
[35131-04414 97930-57116,5 130,02 710512242182 5,9 3123, 5 1024-7 5124975 
{35432-5411 5-39]3 1741 6,98}30,85 3j=2-34926,67124, 18% 5,46% 5.46] 
| 3913 3-451! 5,32432»04[17,4513 1,74 23,477, 42024, 8 5526, 1626, 1607 
2834.3 511 6,2 33,5217, 92132, 60 241028, 164· 5, faz 6, 87% 608% 
3952606, J34, 408,393 3,45 23,130, 154,748, 90/6, 197.582.585 
4g, 16017. 10 3528018, 8634,31 23,83 30.9212 5-38 0,64126, 8628, 2878, 28 
2108134, o9 24,4243 1,696,050, 38027, 538, 9928,90 
21, 5934,92 2 550213234 7120,64131,12128,21129,70129,70, 
, 3575 25,62133,24 27,2831, 8628, 8830, 41020, 
8,8020, 7437,74 22,6236, 58 26, 2134, 17,9052, 60029, 531, 11031 
39,692 1,2138, 6023, 1337, 4105 036, 14426, 8234. 78028, 553,34 30,2231, 82031, 82“, 
7689,46 3,6 538, 2405. 5636, 57, 4103 5,5629, 1834, 830, 89032, 53032, 53 
24,1639,08 25.1237, 528,036, 339,8 134.8237, 573.2303323 ; 
24,6839•9 26,6738, 55028, 037, 103,435. 57132 2493 3-94133-94Þ" 
25,194,744 772339, 3629, 203-8803 1.0836, 31032, 9 034,654, % 
2507041, 5712772340, 16 29.7938, 65131.72437,05133-<513 535 3535 
26, 22142, 4028, 34440, 96 32,3 037,79 34,2 6, 00036, 4 
26,7303, 3028,89 1,77 32,9978, 53 34,936, 7756 1 
27, 44, 729, 4542, 57 62439-2713 5, 59037+4713747Þ! 
27,644, 0030, 0043,37 34, 2644007136, 29438, 18133, 199 
23,27145, 73139» 56144, 18 ©,751:6.94938,391 33,691 
28,7946, 56131,12044,98 35,52447,49037 629,609,600 
(5745 *25 314137 29, 3947-3913 167145781 33,96144,06 22.3138, 2 $449, 300 
[53 52,434, 80 2958218,2 32, 2346, 5824.8 2,98 38.9 5A 1, 0 1,001 
| 55 3-33] 5-22352-03/2 7, $1050,63130,32049,05132»75]47, 9035717 5483,73, 647,727 
5054.24 f. 68 2,9228, 295 1.4 6/30, 5 49, 8003 3, 33 48,793 5,7 634 4,4 6140,7 9342.4 314294; 
N Lat. Dep. | Lat. | Dep. Lai. I Deo. | Lai, | Dep. Lat. [Dep. | Lat, Dep. | Lt, | Dep, | Lat. g 
: + [2-121 2 [1.871 + [1.67]-0 E [1.351 + C122 4 [1.10] o Lo 
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T RAVE RSE T A BI. E, 66. 93 
nts | 3 1 1 4 Pong LO 
1 (47) j TEST 2 E TLZ LL 950 
Lat. | Dep Le ep. Er. I Dep. L.. [Dep. Lat. Pep. Lat. 7 Den. Lat Dep.] Lat. Dep. ; 
55 ˙14%½26,085 3,30[28,7 18073775 33.899,0076,34 38,7044 5120 d 
$56,95]20,5 54,689,223, 1855 ee 39133085194] 
156,9 5126, 9475 5, 56029, 7054,04032, 391523513 5,92 39,98140,;63 
7 S7 35156 44139, 217]54-90[32290]5 3-2113 5,565 7,40 40, le, 
q53,76127-79157+33139-04]5 5-7 513 3-42454-04136,11 #1124 $41 
6159.66 $6,61133-93f54-37136,67 47182448190 
J5, 5712 344435 537 1037, 23651 42, 50449764 
$61,47129,07459.97 54,96 56, 54037,7 864 43413450438 
2.37ʃ29,5 150,8; 35 474573135, 366 54 4143477851113 
63 23129,93f5 1,73] 3 3,90 18,89 50,2214 11144,4145 "357 
1104;1313 -;3 6102, 62153 3 475, 90 394 5]57>03 $14 5,642,561 
2165,08130, 78153, 5<[33-94]01,76 402250157383 $5>07þ5 3135 
15. 93 1,2154 3834,42, 62 2, 86 8.63 46,31 54,09 
690 | 1,1159. 46,99 54483 
6-8: 1,67400,24 4755945 5257 


p6163, 70) 
7 69,60 32 


e759 


36,29 66,2513 


g. 
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70, 51 8,7936, 7666,91 43,4%2,65 9149+4*157+79152+35[5 5,15 35715 
7977,41 9767137,24]67.76 437 47,06151,07150411158, 5415 3;06 55,80[55,9 
072.324, [7c 0, 5513771 68.62 144-45 64,26447,66401,84150,75 $9:2815317 53772156, 57056567 
322 71, 44038, 1869, 48 514 5,0c#65,06 62,61151,25000,02|5444cÞ57,28157,2 
2174, 12 27 1 25 70,33 45,56 65,36 63,39}52,92 0,76 55,07J57,98057,98 
1745 46, 1165, 6749, 44064, 16/52,6 Je 1, 505 5,7458, 59058, 69 
7.785 46,67 62.47 0 64493]5 3125 2,2405654, 40069, 40 
8056,84 47,2368, 250, 64Jb 5,71 22,98] 57,08Þ60,16|60, 3 
$6 01-14 2,7 $469,03151,24160,48154,5510 3172157, 760,8 060,81 
4h 76405 48,349,885 1,8 3167,2515 5291 4+46[58,43]6 1,52 61,52 

79,5513 43, 8947 9,08 52, 42468502 5520159, 1062, 2262,22 

145 4159 51703414597 54,0049, 45% 48 e | $9477 62,93102493 
„, ze 42+42177,20146,27 28 J 50,0047 2,29]! 255114 82.57 * 044 63-64163,6 
5182,26 38,92 85 5 26 $0,507 3»vH 55527 70534 91½17e4, 3554735 91 
929 3,1639,3 518 1,14 51.1173, 9054, 807 12 61,7865, 05 65,05] 93 
547 89,7882, 51,67% 0,5407 1,59 62740655•76, 5,76 93 
954,9 (40, 2082,90 52,2277 5. 5056, oo), 66 $3,13066,47166;47] 94 
9518 5,88140,6 383.78 52,787 0230156, 5917 3,44 93,86%, 77,1795 
986,784 1, 0684,67 $3»36]7 7>2115 7,49]742.4 54,47167,38[6 7,58] 96 

97137,68[41,49/85,55 5 3+39]7 7>9115.7»7 $474»98 651468, 59068, 594 97 
oj $,59/41,91]86,4.3 54,4578, 758,387 5,7516: 2116 5;32169, 3069, 30 98 
9989, 4942, 3487,31 152 | 8,98170,53 66,4970, 00[70,00} 99 
950 40142,76193. 19147 2159»57}-7+30 BAR O97 3170,7 14109 
o11g1,30{43,1889,c5 8.07 115 $7403 21,42[7 1,424101] 
0292, 20 9 8,85 250472 312172,12F102 
03103421 57,222,736, 3679,62 9, 1772, 83 72,8 3103 
094,0 57»78Þ 3+53161,95;80,39 6199484173, 5417 3454] 104 
05:94,92 58, 34454+34j62,55,81,17]60 7945207422 517442 5þ105 
ol 5,32 3-15181,94 21,29874-95174,951104 
7196,72 I, 74 32,7 167,58 7928171386435 ,66[7 5, 600 
08197, 63 45163, 51180,02172453076, 371704270108 
09198, 53 69,1 515047617 3,201t7,07[77,07[109 
1099, 4404 99,78 $1,50[7 387 728778 #19 
110,047,697 8 70, 422,574,548, 4978, 
1410 ½ 7, 8919 378 7 1,0 548219917 $42 2479,20179,20þt.12 
1102,38, 31499, 56 2,7 6167,3115743517 146318317317 5139979, 90j79,90þr 
14103, 108,741 C0, 5 1,5717,91188412172,32184142|20356]80, 6080,61 24 
159119441149, 194101,4 8,54 ©0490 72495155421 7731,32 $1432 115 
100104, 69,10]89,67[73+5385\95/27;90[82,02/8 220% 

7 (05,9 69,70490,44[74322156;69178;5482,73/3247 3 
1Y10b,7 | 6 5, 56484-78[70,29191123[74485]37+45/7992 5]83:49/$3:44Þ11 
191107,6 5 $+5870,89191,99(7 5:4 913511 7179492Þþ 744% 19 
— 8.5 66, 676, 391,482,766, 13 88720 807 56 8g, 85'84;85}120 
8 Per. Lat. Dep i 555 LEM L. 525 Let. ep. Ter. Des. Lit, [Dep. Lat. IG 
2 (2.144 F [1870 E171. =] o{r.5of 371.35 + [1.22Þ + [1. Ie 
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| ©3444 50zC 


, 4208, 
0,43 = 0,64 


0,63 
0,65 


0,871, 9,99 


2” ww — — 2 


. 
- , — « 
— . —— — — U  ———— 


'- Degrees 7 Degree 01 
N 30 Min. 5 o Min 15 Min. in, | in 2 = 
5 Lein. L435 Min. — zo Min, | 45 Min. | 3 ll. z 
| | Dep, | Lat. | Dep. . | Dep. | Lat. } Dep.} Lat. | Dep. | Lat. Dep.] 3 8 
0 & t c ©,01 o, oa 1, oo 1,00 0,93] 1,00] o, 314 77 
2 | 0,03 o, oA 2,00 2, 00 o, 5 2,00] 0,06] 1 
1 0,04 o, 5 3,00 0,08] 3,00] o, og 7 
"4 0,05 0,07] 4,00 O,Tof 4,oof 0,12 4 
4 8 0,0 5,00} , og 5,00 ©,13] 5,00] 0,15} 
050 00 O, 11 6,00 071 6,00 0518 0 
7 o, og o, 12 7,00 0,18] 7,00] 0,21} » 
2 0,10 0. 14 8, oo o, 21 8, oo] 0,2 5 
9 0,12 o, g, oo 0,24] 9,05] 0,2 q 
| 10. 0,13 o, So, os o, 26010, oo] 0,3 if n 
| 514 1 O,19]11,00 0,28]121,00] 0,34 
0,16 O, 21a, oc 0,37 
©,17 13, 0 o, 2 3J1 3,00 | 40 
718 ; 0,25 14.00 0,43 
0,20 0,2611 5, oc 0,46 
% 1 o, 2 $116,900 0,49 
„22 o, zoſt 7 oc 0,52 
0,24 0,32]18,00 0, 5 
o 5 19,00 o, 3319, 0 o, 58 
0,26 20,00| o, 3 , oo 0, 5 
0,23 21, o0 , 37/2 1,00 0,64 
o 9 22,00] o, 3822, c 0,67 
o, 30 27,00] 0,402 ;, oc 0,7 
10531 24,00] O, 4224. 0,7 
0,33 | »00] 0,44124,99 0,7 
0,34 | 20,oc| 0,45125.99 0,79 
©0935 {} 27,00 0, 475,99 
6537 28, co] o, 49127, 90 
0738 29,00 o. 5 102 8,90 
0.29 30. co o. 5a lz q. 9 
0441 31,00] ©,54130,99 
Of ©,42 * 2,00] o, 563 1,99 
„43 | 3309] ©,58132,99 
©0944 33-99] © 5933,99 ©7413 3,99 
0,31135-00] 0,46 34,99 0,61134,99] ©,76134,99 
0,3136, 00 0,47 | 35,99] 06313599] 0,7913 5,99 
9532137 o, 48 36,99 2 36,99 = 36,99 
9550 3799] ©,00137,99] ©,5313 7,99 
9,00] o, 5 3885 0,6838, 99 ©,45133,99 
00] 2 0,70439»99] 8239.92 
1,00] 0,54 | ©, 72(40,99 
0, 3744200} ©,55 0,7 3,41,991 * 
o, 3843, oo] 0,56 o 75142,99 
0, 38044, 0 o, 58 0,743.99 
043944 59<0] ©,59 0,79144,99 
o 6,00] 0,60 0,80145,99 
©0,411447,00] 0,61 o, 245,99 


„uud, S ss 8 8822 


ah — 
— ng 


054550, 99 0,67 - ©0,89!50,99] 1,11 50,98 
| 0,4 535 1:99] 0,63 „9 151,9 
„4652,99 0,69 0,93152»99 
| 0,47153»99] 0,71 | 0,945 3,90 1,41053,98 
0,48154+99] % 0,9645499 1,2054, 980 1,4454. 98 
0,4915 5299] 0373 - 0.985 5,99 | 1,47]5 5,98 
©,50450,99 995 0055,99] 1. 2456,98 „4956,97 
„515799 0,7 1,01157,99] 127157,98] 1, 5257,97 
055158,99 0.77 2 1,0 58,9 81 1, 5458,97 
0,52459-99] ©,79 |. 1,05159,6 59,98] 1,57159.97 
4 Lat: Dep.] Lat. Dep, | Lat: Dep. [Lat. | Dep. | Lat, | Dep. 8 
Min. 15 Min, I o Min 45 Min, | :o Min. | 15 Min. 5 
89 Degrees 575 88 Degrees 29, 5. 


TRAVERSE, TABLE, 87. 


o Degrees goo Degree 0218 
| ? | 15 Min. 20 Min. | 45 Min. o Min. -+5 Min, 30 Min. 45 Min. 
—4 Dep. Lat. [Dep. | Vep. | Lat. \ Dep. } Lar. | Dep. 
Jo ©, 5 3060, 990 o, 80 1,3360, 98 1, 6060, 97] 1,86 
"0 0,54{61,99| 0,81 17,356 1,98 1,62161;97] 1 89 
2 0, 5562,99 o, 82 1, 3862,98 1,65 1,92 
. 0,56163,99] 0,84 | 1,95 
of 0,57164,99] 0,35 1,99] 
b | ©,58165,99| 0,86 2,02 
3 o, 5 8866,99] 0,88 2,0 
9 o, 5967,99 o, 89 2,0 
9 ©, 6068, 99 o, 90 99] 2,11 
L 0:61169,99] 0,92 2514] 70. 
0,6250, 99 0,93 2,17] 7! 
0,63]71,99] 0,94 2,20] 72 
0.6472, 99 0,96 1, 5972,98] 1,91½72,97 2,23] 73 
O, 0,97 1,62173-93| 19417 3:97] 2,26] 74 
05 0,98 1,6447498] 1,96174,97] 2.29 75 
0,6675, 90] 0,99 1,6 1,9917 5297] 2, 32 76 
0,6776, 99 1,01 71 2,35} 77 
o, 68777, 99 1,02 2,38] 78 
0, 3517 0c] , 6978, 99 1,03 1,72 2,41] 76. 
o. 3580 oof o, 70% 9, 99 1,05 1.4 1,75 2,44] 80 
o, 7180, 99] 1,06 1,4080, 98] 1,7780, 97 2, 1280, 96 2,4781 
0,7208 7,99 1,07 8,99] 1,438 7,98] 1,2948 7,97] 2,158 1,96 2, 50 82 
o, 7282,99 1,09 82,99] 1,45]32,98] 1.8 182,97 2,172,960 2,54 33 
o. 7383,99 1,10 83,99 1,478 3,98J 1,838 3,97] 2, 20553, 96 2,57 84 
„7484,99 1,11 84,99 1:48Þ34,98] 1,8 5884,97 2,234,962, ec 85 
„7585,99 1-13 [85,99 2,5048 5,98] 1,888 5,97] 2,258 5,960 2,643] 85 
0,7686, 59 1,14 86 99] 1, 5286,98] 1, 9086,97] 228886,96 2,66 87 
©,7715 7,99] 1215 83.99] 1,548 ,98] 1, 9287,97 2,3<Þ87,96| 2,69 88 
0,39 B59, 0,7888, 99 1,16 8,59] 1,55138,95| 1,94 58,97 23305396] 2,72] 89 | 
9. oc o. 7989.99 1,18 89,99] 1. 5789,98] 1, 9689.97] 2, 3689,95 2,751 90. 
0,40[9 1,00 ©,79199,99] 1,19 90,99] 1,5990, 98 1, 9990,97 2,38 90,96] 2,78 91 
3,40,92,00] o, Sci, 99 1,20 91.99] 1,611,982, 0191,97 2, 4191,96] 2,81 92 
541 37 0c] ©,81192,99] 1,22 f 92,99] 1,622,982, 0392,97] 2,4392, 96 2,84] 93 
, 4194, 0 o, 8293,99 1,23 93-93] 1,643,982, 0593.97 2,403, 96] 2,87] 94 
„415,00 o, 834,9 1,24 | 94,99] 1,6094, 98 2, 0794,97 2,404,960 2, 90 95 
, 4296, ocf o, 84g 5, 99 1,26 95,99 1,689 5,98] 2, ogſe 5.97 2519,96 2,94 96 
0,4297. 0 0, 8 596,99 1,27 96,99]. 1,6996, 98 2.126,97. 2, 546,96 2,96 97 
0,4308, oc. o, 8697,99 1,28 97, 1,492.98] 2,149 ,97] 2,577,96 2,99 98 
© 4399, ol o, 8698,99] 1, 30 98,99] 1, 7398,98 5758.97 2,598,950 3,024 96 
0.445100-c} o. 89 9 1,31 | 99,99! 1, 50.98 2, 18000, 2,62 99,95} 3,056c0 || 
o, 44101, c 0,88jror,of 1,32 101,00 1,760, 0 2, 2001, 2,6401, 3.090 | 
©,451102,0] o,8g}roz,c} 1,34 102,0] 1,78j102,0] 2,23{102,0] 2, 67 li, 3, 121102 I 
©0,451103,C| O,gchio7,Co 1,35 103,c| 1,804103,0] 2,2 5103, of 2,70 103, ] 3,1503 | 
0,45 104,0 0,91 104, o 7,36 104, o 1,82 104. 25271104, ol 2,72 204,0 Jo! 104 4 
o, 460105, o] o, 92105, [ 1,37 105, 0 1, 83105, of 2, 291105, 2,75 1050 3521105 
o, 46[10b, of o, 92 r06, 0 1,39 106,0 1,8 106,0 2, 31106, 0 2, 8/106, 0] 3,2401006 
O, 47 [to, c , 9 zl, 1,40 10%, 1,374107,0] 2,33h107,0| 2, 8c 107, ] 3527107 
0,474108,0| o, 4108, 1,41 108,0 1, 59 08,0 2, 36108, 0 2,84Þro8,0 3,2008 
0,481109,0} 0,953109,0] 1,43 109, 1,901109,0] 2, 38109, ol 2.8 lc, o 35331799 
2 j110;c} , 48110, of o, 961100 1,44 Tio © 1,92fl10,0] 2,4c4110,0] 2,88 10, o 2z36{110 
0,4j111,0 0,9711, 1,45 121,0 1,943111,0} 2, 4211 of 2,91 111,0 3.39111 1 
o, 49 t 12, 00 o, 98112, 1,47 112,0 1,961 12,0 2,4401 12,0 2,9 f 12,0 3421112 
0,491 13,0 o, 991 1 3,0 1,48 113,0 1,9713, 0 2,471113,0f 2,861 13, 6 2,45 
0,50{114,c] ©0,59ft14,c| 1,49 114,0] 19911 14,0] 2, 491 14,0] 2,931114,9]' 3,48 
0,5olt15,c 15, 0115, 1,51 115,0 2, ir 15,0 2, 510115, 3,1175, 381 
0, 111,0] f, 0 ift 6, 0 1,52 116,00 2,031 16,0 2, 531 16, 0] 3, gli 5,6 3754 
0,1012, 1, 01,0 1,53 11, 0 2, 04% 12,0 2, 557, 3+061117,0 .3,57 
, 52] 18,0 1,0 118,0] 1,54 118,0 2, 0618,00 2,5718, 3,0918, 3560 
, 5201 19,0 1, 04119, 1,56 119,0 2, 08 19, 00 2, 501%, 0 3,7121196 3763 
0,521120,0| 1,051120,0| 1,57 120,0] 2,099120,0| 2,61f120,0] 3.14120 C 3,66 
_ | — — {| - —— — — — 
Lat [Dep. L-t. | Dep. Lat. Dep. i Lat. p. Lat. } Dep. ! Lat. [Dep. t Lat. 
45 Min. 30 Min. {| 15 Min, o Min. | 45 Min. 30 Min. | 14 Mia. F' > 
89 Degrees p $7 88 Degrees 29) 
— —— | = 


— 
* 
— . — — 


* 7 
R A V 
— * 


— 


«> 


E RSE TABLE, 6h. 


N Degrees — „031. 3 Degrees, : of 
15 Min. ze Min. 4 a5 Min o Min. | 15 Min. 30 Min. | 4 
Lat. De- bat. | Dep. f Lat. | Dep.y Lat. | Dep. Let. Dep.] Lat. J Dep.] Lat I Dep. 
1,00] 0,04] 1,00 J 3,00] 0,05] 1,00 1,00} 0,06] 1,00] o, os 1,00] 0,06 
©0;08] 2,00 2,00] o, 10 2,00 24 O, 11 2, ©, 121 2, oc. 0,1: 
0 , 12 3,00 3500 o, 14 300 3,00 ©,17] 2,99] 0, 18 2, 99] o, 20 
510 4,00 4,70 0,19] 4,00 4,00] o, 23 3,99] 0,244 3,99] 0,26 
„4 800 4.99 , 24 4,99 4,99 0,23] 4299] 0, 31 4,99 0,33 
90 9, 24 5,99 299 9,291 5,99 5-99] 0,34] 5,99 ©0237] 5299} 0,39 
700, 0,23} 6,99 99 0,344 6,99 6,99] o, 40 6,99 0,43] 6,99] 0,4 
799 ©, 314 7299 7:99, ©, 3%} 7,99 77991 ©0453 7:99 0249 7798 0. $2 
8:99] 9235] 8,99 $,99] 0,43] 8,99 299] 51] 3,98] 95 J 5,98] 0,59 
— 9,99} 0,494 9,99 1-9 99} 0,44 9,99 9,99] ©,57] 9.95] 0.61 9,98 - Obs 
1110,99 0,3 10,99] 0,43010,99, 0,43]10,99] 0,53110,99 10,92} o, 6210,98] o, 
1211,99 4211,99 0,47111,99; , 5211,99 98 11,98} 0, 6311,98] 0, 68J11,9 
o, 5112,99 o, 5712, 99] o, 6a Jr 2z, 98 o, 6812,98] 0,7912. 9 
0,5511399 0,6 11 3,98] 0,6713, 98] 0,7 3073,98J 0,79] 3,97 
0, 5914,99 0, 6514,98] 0, 7214,98] , 7914,98 0,3 514,97 
0,63 15:99} 9474. 98] , 2715.98 0,841 5,97] 0,911 5,97 
, 6716,98 0,74416,93] o, 8276,98 o, 89 6,97] 0,9601 5,97 
0, 7107,98] , 7917,98 o, 86 f 7,98 17,97 1, 0217,97 
0, 7 518,98] o, 8 3J 18,98] 0,9 118,98 o, 9918,97 1, 0818, 96 
0,79419,93| , 8719,98] o, 9619,97 1 05119,97] 1, 1379 96 
E 120,99 0, 8320,98 1,10j20,97] 1,19f20,96 
6793 0,86j21,93 1,15 1,97] 1, 2521,96 
2322,99 o, 9ola2, 98 1, 20 2,96 1, 3002 2, 96 
2453,99 5 0,9442 3-95 1,26j2 3,96} 1, 3623,96 
125 24,99 0,98 24.98 I,31124,56} 1, 42124, 95 
2623,98 8 1,02]5,98 1,36 596 1,472 5-95 
2726,98 1,0626, 97 1,4 112.6,96} 1, 5326,95 
28 27:98 1,10j27:97 1, 477,96 1,59427,95 
2928,98 1,148, 97 1,528.95 1 5 5 
[39129-93| 22 1,13þ29,97 1,57129-95] 17012994: | 
3130,98 1, 08130, 98 1,22430,67 1,6230, 9 5] 1,76130, 1,8930, 93] 2,0% 
3212 1,93] 1, 1231,98 1.2613 1,97 1,683 1,95 1,8 731,94] 1,95}31,93] 2. 
3332,98 1,132,981, 3032,97 1973132,95] 1:37132,94] 2, 0232,93 2, 
3443 3-98]- 151913 3-97} 3452,87 1,75133-95] 1593133-94] 2295133293] 2-24 
3513495] 122134997] 1,37134,97 1,8 3134-94] 1599134294] 2, 1434,92 212 
3613 5-98] 1,2603 5,97] 1:41135,97 1,38135,94| 2,04135-93] 22013592] 2135 
3713993] 1,29136,97| 1,45130,97 1,946,942, 1036,93] 2,2636, 2 2,4 
33137-93] 1,337,970 1, 4937,96 I,99137»94] 2, 1637,93] 2,3237 92] 2:46 
39133, 98] 73038, 1, 5338,96 20413994] 2,238,930 2,3803892 215 
39,95] 1, 4039.97 1,5739,95 , 209439494] 2427139973] 2 44/3991 2.61 
IIc, 98 1, 6140,96 1, 940,95 1,97140,94| 2, 1514,93] 2,3 3,9 2 50 4⁰, if 2,66 
2447,97 1,6 541,96 1,8 341,95] 2, 061,94 2,2041, 93] 2, 3841,92 eg 1910 275 
3142-97 1»69142,95 ; © 2,2 5142495] 2:44{42,92] 2,342,910 2,81 
4443-97 1,7304395 2, 3043.93 2, 5043,92] 2,6943, 910 28 
4 . 97 177444196 2,364.93 2,554,920 27 5144,90] 2, 
146;4 5597 1,3 1145-96! 241145,93] 2,61{44 5291} 2,845,900 3, 
47146, 97 1,$5146,96 2,4 7146-93] 2,67*46,91| 2,876, 90 3:07 
4847.97 „8847.95 255114792] 257244791] 2,93 47,90 3! 
49;45,97 9245,95 2, 578,92] 2, 8/48, 10 2,9948, 90 zul 
ö 5049,52 | 1+59149,95 2;62149,92} 2,$4\49,91] 2405149. 89] 31 
5150,97 1,750, 96 2,00}50,95} 2, 23050, 94 2,6750, 920 2, V9 50, 90 3, 11050, 89 35 
521597 1,3245 1,96} 2,041,950 2,2715594 2,72451,92] 2,951, 90] 31815 1,391 34 
53054497] 1,35152,96] 2,08}52,95| 2,31152,94 2,77152,92] 3,0152, 90 3,24452,09] 3% 
545597 1,89 53,96 2,1253, 5 2,35453,94 2,833,910 3,0653, 90 3, 3053.88] 35 
55,97 924,6 2,1654, 5 2.454,94 2,884,910 3-12454-90] 3,361 54-33] 39 
$615 5:97] 1,95]; 5496] 2420155:95| 2,4455·94 293455991] 31815 5,90} 342455135] 36 
5715997] 199150295} 245,95 2, 4956,93 2:98155,91] 342 3350,39] 3,455,880 7:73 
$$457-971-2,02457496| 2128157495} 2,5 57,93 320445791] 32975789] 3,457,880 3} 
59153,90] 2, 0658,96 2,32 53,94! 2,57153,93 3-99]58,91 1255 3 6058,87 30 
0159,96 2,0959, 95 2,369,944] 2,5250, 9 371450, 90 3.40% 89 2559.87 7.0 
A Dep. Lat. I Des. Lat. | Dep. | L.. Des. Lat. Dep. | Lat. [Dep | Lat. [Dep. | L# 
=] © Min. 4 45 Min. 30 Min. 1 15 Men o Min, 45 Min. 1 30 Min. "15 Mi. 
AH Deg. 87 Degtees | 19, 86 Degrees 14 
— =, 5 


S5UCY1 


oo oo 
wo ID 


Vor. 11. 


H 


TRAVERSE TABLE, 6. 5 
6. — — S | 
3 Degrees Co 5 
2 Degrees — 15 Min, 2 Mn. [45 Mn. 8 
- Min. 45 Min. 45 Min. | 8 | Lat. Let. [Dev. br 
o Min. U n. j 3 Lat Dep. L.. 3 6¹ 
Lat, | Dep.| Lat. | Dep. f Lar. | 160,8 
Lat, Dep | L. t. Dep.] 00, 92 3,1960, 900 3,40%, 89; 62 
1 2,6660, 93] 2,9 3leo, g 2561,90 | 
7 60,96 2, 706 1,93] 2,9861, 92 3, 62, 90 
6206 1,96 2,7 562,93 33 1 0 
6362,96 6 3,3553, 9 
3 2,79,93293 40j64,90 
b 63,96 2,84104,93 4 616 5 89 
| 6:164,96 2.886579 3.5168, 
66165,96 2,92466,92 * 57,89 
67066, 96 2,9767, 92 . 68,89 
65167,96 3.01068, 92 5 69,89 
5968,96 3,05169,92 2 
7069, 96 | 
3,10470,92 
70,96 3»14*71,92 
71,96 3,1872, 92 
72,96 32 73792 
73.96 3527774,92 
75 74796 3»3147 5391 
76 75296 373 6,91 
727696 3:47 7-91 
7817796 345178291 
7978,95 3+49979,91 g 
8079, 5 4.24450, 87 
1185,95 3 2 
52375995 47³ 8 85 
8382, 5 44 23 
$5134,95 2 V0 8 
56685, 5 78187586 
4655 4.66188, 36 
$]87,95 4.718986 
5.55 255 3 
0 - | 20, 
—.— 39799 485 97783 
195 4,0101, 90 Ty 92,85 
9:191,94 4.05 2,89 4 2403,85 
9392-94 4,1009 3,89 2 48 
94 33:94 4.14194 89 4,07 585 
954.94 4,199 5,89 Pe 
9695,94 4723 6,89 2 oh. 
P7199 94 4,28197,8 7 8˙34 
97,04 4,3298, 89 2 
9998,94 0.8 5123499124 5 
daa. o 2 ht $65 100,8 $,7 331©0, 0! 
29124 , 4 440700, 9 4,8 500,9 5,29 ae 57781101, 8 
lots] ce 4 lg 445 46 40 J 40 553 re. Säge: 
924101 Ion, , 102, , , a 
1752.9 3780103 e 103.9] 4 53. 5,44 03.4 3 (09 
M939] 363103, 9] 4,0803, 9 4,5 f „44,9 5,5014, OG, 
104,9, 3,67]104 9] 4,12 104,9 7155 53 5 1009 880 . 125 2 i 
pe, 9 5270810549] 4,1 72 ; 591 2$106,9| 5.6005 80 6 121107, 8] 6, 8907.80 7,264: os 
06,9 3,73 06,9 4, 20106, 9 | 5,18$107,9] 5,65 1 N 6,18 108,80 6,6108, 8 7,1309 ö 
9107, 37 74107 »9] 422 wp 5,2 33108.9] 5,71 — 6,24 109,8 6. 2109.8 7,10 4 
dg 108,9 3,80 108,9 4.28108, 9 5,28J100, 8,7610, 22 4 67810 b Tk 175 
Ai09, 9 3, 84409. 9 1222 ; 3| 5,834110,$ 6,29ſt10,8 zl 7311121 
ö 158 53317119, 5 $i 6 4911558 6,84}111,5| 7,33 f 
| $ 110,9] 3,8711 10,9 POD $4374 11,8 N Wer 112,80 6, 901 72,8 72398113] 
1 119 3.9 11,9 111,9 $420112,8| 5,02 3 2 113,8| 6,96t1 13,8 — 114 | 
R 112,9 394411249 1229 5547J113,8 5,07 hog 255 114,8 75021714, 7752 SAY 
| 1113-9] 3-98]t1 3,9] 4,481113,9 ps oo res et PS Ped ge arr 735941 16 
114,9 4,01}114,9] 4,5167149 5, 57115, 80 6,07 ag 6 o 116,8] 7,144116,8] 7. 65117 
| 3 115,9 4,05]t 15,9 189 5,6521116, 8 6,12 2 6,6011780 7, cl 27, 7, alu 18 
116,9 4081 16,9] 4,5% 116,9 55661717, 6,1817 6 9 118,8 7,2718, 7,98} 19} 
5 11,9 4,1241 77,9 4,63 17,9 571118, 8] 6,23 253 6, 255 11978 7 5 119,7 7.8 5120 
4 18,9 4,1518, 118,9 5561119 $| 6,25} 110," I 5 La} 
7 0 259 4.10119, 4,71 [19,9 be Lar, | Dep. 1 Lat, Lat, [Dep. L A 2 f 
N ers eee 
22 Dep. Lat. — Min. o Min. 1 45 Min. eee ite 14. = 2 
oMin. | 45 Min. } 30 Min: | 15 . 79. 8 Degrees | 
N Deg. [ 87 Degree | 


TRAVERSE TABLE, 67. 


— — — 
E 4 Degrees ,071 5 Degrees 
{> © Min, 15 Min. 30 Min. | 45 Min. o Min. 15 Min. 4 30 Min. 
Exh [ooo [ec] bs [ibis 
0,07] I,o0} 0,07] u, oc 0,084 1,00 0,09] 1,00} o, 10 2,00 
©, 14] 2,00] o, 1 1,09 0,171 1,99 c,18] 1,99] 0,19] 1,99 
©,21] 2,99} 0 22} 2,99 0,2 5 2,99 o, 281 2,99 0,29] 2-99 
0,28} 3-99] 0, 30 3-99 0,33] 3-99 3] 0,37] 3-98] 0,38] 3-93 
0,35} 4-99] 2:37] 4299 0,41] 4,08 o, 46 4,98] 0,48] 4,90 
0,42 5.9%] ©,45] 5,98 0,49] 5,98 ©,55] 5:97] 0,53] $597 
0. 49 0,98} c,;24 6,98 0,58] 6,97 0,64] 6,97] 0,67 6,97 
„56 7,95] 0,59] 7,93 0,66] 7,97 0,73] 796] 0,78], 7:90 
31 0,63 8,98 o, 67 8,97 0,7 8,97 6 o, 82 8,96 0,86 8,96 
0,7% 9,97] 0-744] 9.97 ©,83] 9,96 96,92 9,95} ©,907 9,95 
0,7 7110, 97 0,9 0,96 o, 96110, 95 1,018t0,95] 1,0, 95 
0.84]11,97 ©,99]11,95] 1,05111,95) 1,rofit,g5} 7,15111,9 
9,9112, 9 1,0812, 95 1, 13112, 95] 1, 1912,94 1, 2 5312-94 
1,1611395 1, 2213,94] 1, 2813,94] 1,34J73,93 
1,24414-94| 1, 314.94 1,374,93J 12443499 
1,334! 5,04] 1,401 5,93] 1, 461 5,9 3] 155305592 
1,476,944] 1,4876, 93 1, 56116,92 1,6 3176,92 
1,4917793] 1, 577,92] 1, 2.92 1,7 3417-91 | 
r,57413,93] 1,66118,92] 1,74]18,91 1, 8278.91 77 
1,5619, 1,741, 91 1,819.90 7,9219½0 $ 
m_—_— — 1,740.92] 1,33f20,91 | 
1,631z21,93 1,382$21,92] 1,9 21,91 a 
1702, 9 1,9022, 91 2. 00, 9 
1, 2823,93 199}: 3-91] 2,09123.90 
1,8 4,92 * 4 91 2,1 90 
$+9 4] 193]: 529 2,125,902, 275789 
1, 8826,93] 2, cl, 92 2,246, 90] 2, 356, 8 
1.952792] 2, f f7,9 2,327, 89 2,44 7,88 
2,021:8,92\ 2,1 928,91 2,08, 89] 2, 53 E8, 88 
2, 0929, 92] 2 229,91 2,43929,39] 2, 629.87 
3135, J 2,100.92] 2,3030, 910 2, 40,89 2.570,85 2, 70020. 
32131 92] 2,2339 2,3717, 90 2,5131, 89] 2, 531,88] 2,791.87 
33132292] 2, 3032,91 2,42, 90 215 32,89] 2,7 3632-58] 2,33}32,86 
3433,92] 2>37433-$1] 2,523.90 2, 67133. 88] 2,3243 3.87 2,96133,36 
3513492] 2-4 34-90] 2,58J34, 89] 2,7 J 34,88] 2, 9034.87 3.054,85 
3635,91 25113590] 2,635.89] 2, 8335.88] 2, 9835,86 3, 1435,85 
37 36,91 2,58 36 90 2374 36,80 2,9 6587 370 36,86 3-23 36,85 
2,65437-c0} 2, 8232,88 2,983,870] 321 5137-86] 3, 3137,84 
2,738,859 2,*0833,85} 3, 638,87] 3.2338, 8 50 3,4038, 34 3.528,82 
2222.82 2952788] 3.14039, 86 3.339,85 3, 4929.8; 3,889.82 
92,8604, 8sef 3,040 87] 3, 22, 86 3, 404, 540 3. 570,83 3,7 0,81 
se 3.111,87 3, 301,86 3.481,84 3.681,82] 3,84þ41,51 
3, 042,8 J 3.19 2,8: 3,312, 35 3,5642, 84 3,7 54 82] 3,94042,80 
3, E380 322 6143-37] 3.443,88 3.543 8 J 2,8404382 4,3, 30 
3,144.88 3.344.860 3,5 144-35] 357344453} 3944,80 4,124.79 
3,215 87 3,4, 86 3.6 45,84] 3.817 5,83] 4, 45,810 4.265,79 
„26,87 3.484,86 3 6916,84] 3, 894, 82J 4, 1045, 80 4, 3046, 7 
$+ 3544757] 3.564,85 2:77147,34] 3.977,84, 1847,80 4. 3912278 
342 18,8, 3-6 45,85 3784 48,83 4,068, 81 4,2748, 79 4,48 18,78 
2 42.80/31 82 3,924,820 4. 1440.8 1 4. 364, 4. 5849,77 
3» 56450, 861 3,770,840 4,00f;0,84] 4, 22450, 5 10 4,45}50479| 4.675,77 
36357, 86 3,335 1,841 4.0805 1, 820 4. 3157, 80 4,535 7,780 4.765,76 
3.70 52,8“ 3293052534] 4.16052, 82 4,3952, 80 4, 6252,78] 4,8 552,76 
3762/85 4,0053. 5 30 4.2453, 3a 44715 3-30] 4, 156 3277] 4.94J53,75 
3-54154+55] 4·0854,83J 4, 324,8 4,5654, 79 4, 7954,77 5,054.75 
361 3.91155-35] 455830 72955810 4.645,79 4.855, 514974 
3-93456,84] 4.2 356,84 4,4756, 810 4, 7266,78 4,97 56,76 5,2256, 
4,852.84 4.3 52.82 445515730] 3, 8057,78 5, 657,76 3,3773 
561 4,1258, 84 4. 3758,82 4, 53658, 300 4.8958, 780 5, 1558,75 5. 4058,73 
eee eee ee 4 9715977) 8.29, 7 5959,72] 557 5959, 
Dep. Lr. I Dep. |. Lat. Dep. | Lt. I Dep | Lat. | Dep. ! Lac. { Dep. Lat. [Dep. Lat. [Dep. 


o M-1. 


45 Vn, | 30 Min. LEIz Min. Lo Min. | 45 Min, F 30 Min. 


15; Min 1 


85 Degrees 


11,41 5 


84 Legices 9,46 


TRAVERSE TABLE, 65. 


4 


5 Degrees 


f 15 Min, DM. Do Min. | 15 Man. | 


Dep, | Lat. (Dep. Lat. 


472 6060, 8 3 
443319183 
4, 4062,33 
44763, 82 
47546482 
4.665,82 
4.6766, 82 
45744978) 


4,8 69,8 I 


4.31168,8 1] 


5567 


4,9 5470231 
$,02971,80 


5509 2,80 


51 3,80 
$+23474»79 
$3307 5279 
3.376,79 
57447776 
5,518, 78 
5558 79,78 
30, 78 
31,78 
32,77 
N 33,77 


5,76 
36.76 


88,76 
4 9.75 


6 21 


6,31 


6,71 
6,81 


6,11 


6,31 
6,41 


6,67 


991 


7.01 7c 


54,77 6 


$7,761] 6 


7,17 
7,21 
7731 
74 
7551 
7.61 
7771 
7,31 
7.91 
8,01 


EXT 


8,21 
8,31 
8.41 
8,51 
8,61 
8,71 
8.81 
8,9 


9 on 


99,75 
91,75 
92,75 
3774 
94.75 
9 537 

97:73 
9198,73 
8.992.253 


75051100, 
7751424701, 
77191102, 7 
7,261103,7 
7133] 9497 
7440] 05,7 
7,4006, 


7,60 1108, 7 
7267 109,7 


9.15199, 54 


IT 
9,21 

9,3"! 
9,41 

Qz51 
9,01 
9,71 
9,81 
9,91 


10,01 


6] 9,431102,5 


7.8307, 8 


OfDep | Lat. Dep. | 


7,744110,7 


o Min. 


9.24100, 5 
97331191, 


9752103, 5 
9,6104, g 
9570 105,5 
9.79100, 5 
9788 103, 510,35 107, 5 
9,9708, 5 10, 45108, 5 
10, too, 510, 6409, 4 


10,1 110, 510, 6411 10,4 


10, 34112, 510,83 
10, 43113, 5, 10,93. 


10,610115,5¼11, aT 5,4 


10,7 1t 16,5 11,221 16,4 
to, 8clt 17, 5 11,3117.4 


10,981 19,411, 


10,11 
10,21 
510, 32 
10, 42 
105 52 
10, 62 
10,72 
10, 82 
a 9 
11,02 


11,12 
11,22 
11,32 
11,42 
I1,02 
11,62 
11,72 
11.82 
11.9201 
12502 


| Lat. Dep. |, Lat. | Dep. 


I 30 Min. | 15 Min. 45 Min. (0 Min 


Lat. 


151 


a 86Deg. 


— 


1 45 Min. 
| 


_ 85 Degrees 


84 Degrees 


: DE. 
30 Mia. | as Min. }* 
Dep. Lat er. La-. Dep. [La | Up. 
$»32[62,74' 5,58 8,77 


T RAV E 


RS E TABLE, 65. 


2,18 


19.87 


5 511 7 Degree E 
15 Min. | 20 Min. | 45 Min. [o Min. I 15 Min. 30 Min. | 45 Min. |= 
4-37. } Dep. ILA. | Dep. Lat. [Dep. Lat. | Dep. Lat. Dep. Lat. (Dep. f Lat. Dep [6 
o, 11 0,09 : 6,13] 0,99] 0,14] 1 

o, 23J 1,99 o, 6 1,98] 0,27] 2 

0,34] 2,98 39 2,97 0,41] 4 

0,45} 3,97 O,52] 3,96 0,54] 4 

„571 4,97 0,05] 4,95] ©0907] 5 

0,68} 5,96 5.95 0,86 

0,79] 6,95 6,94] 0,94] 7 

9,91 7395 7-93] 2,08] 8 

1,024 8,94 8,92] 1,21] 9 

' 9,93 9,911 1,7 5400 


2,29, 80 


1,86 
2558 5 
3.85 
434 
5583 
6,8; 
7,32 
8,81 


1.3410, 91 
1,4611, 90 
1,58 12,90 


1,7 1]1 3,89 
1,83114,88 
1,9 15,87 
2,07 16,86 
2,19 17786 
2,32]18,85 

2-44419,34 


1,39110,91 
1,5 111,90 
I, 1 
1,77113,89 
1,894.88 
2,0201 5587 
2,1116, 86 
2,277, 86 
2, 4018,85 
2,5 1978 


—. 15922 
3538130, 80 3.530,79 
3,483 7,79 3.62378 
3759132,79 374132478 
« ,70033-75] 3,8 33,77 
58 34,78 3,934.7 
41413776] 4.30037, 74 
5 4433, 75] 4,4238, 73 
4050,78 426339374] 4353139, 72 
4104,78 44640, 74] 4,6440, 72 
42441577 45357141573] 437 0141,71 
4314277 4684,72 442. 20 
4476 4794375 4.9843, 70 
454.05 4 9044,71 5. 1044,69 
469575 5.065% 0 445.68 
471446,74 5,1246, 0 5, 32146, 68 
4842.74 5,237 · 69 5,4304767 
4948,73 5,3448, 69 5,5448 66 
5$9/49+73 5 4440, 68 8849/65 
5159,74 5,330, 70 5, 5 550, 67 577565 6, 22458, 50 6,4450, 0 
5257] $2443 1-09] 5,66457.67] 5.5915 1,64: 6,34151,53| 6,56151,59 
5352,71] 5, 5452,69 5, 7752,66 6, 052,63 6,4652, 8 6, 5952,58 
$4453-74] 8.585768 5,853,550 6153,63 6 6,5853, 57J 6,82J83,57 7,053, 
351 4,70 5,7 5454»67] 5,99154,05; 6, 2354, 62 6,0154, 560 6,9454, 56 7,18; 
5655 69 5.855 5.67] 6, 1055,64 6 3485.61 6,83]55. NI 7,075,550 7» 
5755.69 5,965 66 „2186,53 5,4556565 6,9556, 5 7,1956, 54 
5857,68 6,0657 66 6,3 1057.63] 6. 5757, 60 7707157, 54 7,3215754 
58,68 5,7758, 65 6,42 58,62 6,68 58,53 6,9458, 56 7,19 58,5 7,45]58,5 [7 
6015957] 6,27459-64] 6,53159-61] 6-79359,58] 2,519, 85U 2379,52 7,57159+52| 7,83 
Sf Dep. Lat. Dep. ! La, Dep. Lat. } Dep. ! Lat. Deo. Lat. Dep. | Lat. Dep. Lat. Dep. AE 
> o Min. 45 Min. 1 30 Min, | 15 Min, 1 © Min. 45 Min. |. 30 Min. 15 Min. J 
24 54 Deg.| 83 Degrees "x" 8.1 82 Degrees 7, ff 


TRAVERSE FAB L. E, 167. 93 


r — 
13 © Degraes'! lil 7 Degrees 12] 
15 o Min. 15 Min. 30 Mm. I 45 Min. 19 Min.” I 15 Min. Mio. 45 Mio. | — 
al Lat. | Dep | Lat. Dep. Lat. Dep. Lat. Dep. Lat. | Dep. | Lat. Dep. | Lar. Dep-| Lat: Dep. | 2 
H 1} 0,67 6,6460, 610 6,9 1060, 58 7,7060, 48 7. 4 3,230 61 
1 1,66 6,78161,60| 7,02Þ61,57 7,82[61,47] - 5} 8,364.62 
i 1 62,66 6,8662, 60] 7,13j62,56 7,9 562, 46 8,50 63 
es 6,976 3,590 724163, 56 8,086 3,450 8 8,63] 6 
in uh 708164, 53] 7,3664, 55 81 $,20Þ04-44 8,77 
11 4 5,04 7,1916 5,580 7,47]65,55 8,335˙4 8,90 
4 71 066,53 729166, 57] 7,586, 54 8, 4566,43 9,04 
1K JAE 7.40067, 560 7. 2E, 53 8,5856 7,42 9,17 
1] 9 63,5: 751068, 56] 7,81]68, 52 $,71163,41 9,31 
eee: 282169, 55] 7,9259, 52 8838594 _9:44 
1 5 8,960,339 9,2770, 35 9,58 
71,61 9509 1,38 1,34} 9,71 
72,60 9,2152, 37] 9:53472»33] 9,84 
359 9, 347 3237] 9067 3,32] 9,98 
555 9.46174» 36] 9,794, 32010, 11 
558 9,59 5,350 9,92 5,3 /10,25 
70,58 9,726, 34010, 0 576, 30j10, 38 
71157 7+54 7746 9,8477, 33010, 187, 29 0, 5 
78,57% 8,2038, 53 8,948, 45 9,978, 32110, 3178, 28010, 65 
283879. 83 9,45 10,0917 9+ 32119,4447 9427110579 
$0, 56] 8,4780, 52 48 9,17]80,44 10, 2280, 3 110, 5780, 2610,92 
855“ 8,57 15 8 10, 358 1, 30010, 7008 1, 2501 1,06 
2,55] 8,682,571 8 10, 4882, 2910, 8382, 2411,19 
3-54] 8, 78,8 3, 50 83,42 10, 6048 3,28 10,9683, 2311,33 
4133] 8, 88884, 50 8 10,7384, 2711, 10084, 2211,46 
$5253] 8,995 5,49 9,7 35 5, 40 10, 8 518 8, 26011, 2318 5,2211, 60 
80,52] 9, 98 6,48 9 86,40 10,9886, 26011, 3686, 2101 1,7 
5752 9, 2087,48 9,9687, 39 ö 11,1187, 25011, 4987, 20011, 8 
8 10, 40088, 34 11,2388, 2411, 62488, 1912, 00 


10, 5889, 33 12.1 


12,27 
12,4 


12,54 
12,68 


10,9789, 28011, 3089, 23011, 589,18 


10,7 5194, 34 11, 5894,24 12,81 
10,45195, 33110,87{95, 34 95923 1259 
10, 5696, 380/10, 9896, 33 11,8296, 22 13,01 


10,6797, 3711 1,0919 7,32 13,22 


10, 7898, 361 1,2108, 31 12,0708, 21 1353 
10,8999, 36|11,32109,31}1 17 12, 10%, 20 1370529. 9 13,40 


12,31J100,2 
12,43J101,2 
12,5 502,2 
12,68j103,2 
725801104, 2 
12,9 2105, 2 
13,0406, 
13,1610, 
14,2Sj108,1 
13,4 13100,1 


113, 62 
13,7 

13,89 
14.0 

14,16 
147,30 
14,43 
14,50 
14, 70 
14,83 


14,9 
15510 


11, 110102, 311, 501,3 
1 , 21103, 311, 66/102, 
11,3204, 311,7 oz, 3 
11,4305, 3011, 89104, 3 
11, 544106, 312, 001035, 3 
11,6507, 312, 11106, 3 
11,2608, 312, 2310), 3 
11,8709, 312, 341108, 2 
11,9810. 312,4 109.2 


1417,56 171773 
12,4%, Ut 12, 3 
14.158713, 3 


12,7911 12, 2 T $324 
114,4/11,92 114,3 12,9013, 2 15,37 114 
15,4 12,021115,3 13,211 14,2 14,5 10115, 1551155 
116,4 12,13 116.3 13,13 11572 ˖16, 0 15,6, 116 


017,4112,2 361 17 

8.412,33 115.3 
[19,4112,4 119,3 
254/120, 3 


115,9]15,78]127| 
116,91 5,91118 


Dep, | Lat. Dep . , | 

Mia. 45 Min. I 30 Min. i 15 Min. | o Min. 45 Min. | 30 Min. I I5 Min, | >| 

84 Deg. | 83 Degrees 8,1] 82 Degrees 721 4 
— —— — — — CC —— — 


\ 


TRAVERSE TABLE, 65. 


8 Degrees 51 9 Degrees | W 27 
Le Min. | 15 Min, f 30 Min, | 45 Min. þ | 
Dep. Lat. Dep.] Lac. Dep. | Lat. Dep. Lat. | Dep. 
0,15 9529 0,26] 0,99] o, 160 0,99 0,17] 0,99 0,1 
o, za 1,98] 0,31} 1,97] 2,32] £.97] 0,33 1,9 
0,45} 2,96] 0,47] 2,96} 0,48] 2,96} , 50 2,9 
0,61] 395] 0,63] 3-95] 0,64] 3295] 0,66] 3,9 
0,76] 4,94] 0,78] 4,94 o, sq 4,93] 0,33] 4,92 
„910 5.93 0,96] 5.92] 0,99] 5,91 
1,07 1,12f 6.90} 1,16] 6,8 
7,2 1,29] 7,89] 1,32] 7,8 
8,90} 1,37] $ $388] 1,49] 8,8 
1:44] 9:39] 1,438] 9,88] 1,52 2,65]. 9,8 
1,530,389] 1, 5870, 88 1,6310, 87 1,6 85 1, 8210, 8; 
1,7 1,880 1, 7a 1, 87] 1,771, 86 1,8 371,8; 1,9 371,84] 1,9 8111,83 
1,8 ta, 87] 1,872, 860 1,92 2,35} 1,9872, 84 2,32] 2, 1 fra, 80 
1,9573, 86 2,0 r 3, 85 2,0 14,8 ; 2,3 3,79 
2,914,835 2, 54,84 2,224,83] 2,2 2,414,780 2,54 
2,231 5,34] 2,30ſr 5,82] 2, 375,810 2,4311 5,20 284/577 27 
2,376, 83] 2, 4416, 81 2,5 16,8 2,8 16, 75 2,8 
2,52, 81 2, 5817, 80 2,6617, 7 2974177 1 
2,6418, 80 2, 738,79 2,8 118,78 2,8 3,1478, 730 3, 
2:73319-79] 237119, 78] 2.9619, 320 3379710 37 
2,920, 78] 3, 01 gEO, 77 3.10 f, 76 3,1 354 130,70 3-50 
3-09121,77} 3.16, 76 2,251,704} 3,3 3.63]21,68 3. 
32 2,76 3,302, 75 3,40þ-2,74} 35 3.802,67 Ls <ul 
33412375] 3:44Þ 3-74] 3:55] 3,72] 3-6 3-902 3-65] 407+ 7 
34512474] 3,59 4,73 3.204,71 3.8 4, 134, 4 40 
35627 5,73] 3,755,710 3-34Þz 5,70} 3,9 4:29] 5,62| 444 9515 
378,7 337-070] 3. %s, 4 4% 0,1 4% % 
39% 7»7 1} 43022 7,69] 4.147,67 4-62þ27,60| 474088853] 
4x04328,70|-4,r6p23,63} 4, 29 8, 66 4 982 53] K 
4.15123 69] 4.39.67 4,4 3129.65 490129, 57| ! 
4,3130, 08 4,45130,66 5,1230, 55 52. 
4,4513!1»57] 4,5937, 6; 55293 1, 540 54 | 
4.59 32,66 4,74432,6 3462,52 555 | 
4.233,65 4.8343 3,63 56233. 51] 57 | 
6 48747640 5.024,62 8.78 +49] 59} | 
5,01035,63] 5,273 5561 5.9513 5-43] 61 1 
5,1 5436,62} 5. 3136, 50 6,1136476 l 
52943 7,61} 5,437, 58 6,233 7,45] 6408 
543558, 5,6038, 57 6,44433-44| 6,6 
$15713959 6.629,42 6 5 
6,7 HO,4 10 6,94 ; 
6,94 41,39 7:11 
741014233 1-71 
72714336] 7:45 | 
74314435] 7-0} ; 
75504 $234 77 f 
6! 7,76146, 32] 7% 
7,93 47,31 8,13 ui 
8,09 122 8,30 : 
$,26 49,2 8,47 
0,37 8,2050, 300 $,42150,26| %% 19. 
29 J5¼36/ 8,1457, 32 8,365 7,29] 8,595 1,25] 50% 
8,0652, 35 8.2952, 31 8. 5252,27 8,7 52,24 5,9 
$,21153-34| 3:45153-39] 8,68153,26] 8,7% 
8, 37154-32| $,60154,29] 8,8454, 5 9,03154,21] %% 
8,5 5837 8,7655 27] 9,055,230 9,2515 5-19] 94 
8,5756, 30 8,9256, 26 9,1655, 22] 9,4056, 18 9907 in, 
8, 84457, 2 9,07157»25] 9,3257, 21 9,55 57,16 99 10 113.8 x 
8,9 58,28 9,23]58;23] 9,48 58,19 9,74153,1 5] 9:9 i 
9, 1552426) 9,29959922} 9,525,180 9,9 9.1% r. i 
. . | Dep. | Lat. | Dep. Lat. Dep. Lat. | Dep. | Lat. [Dep. L. o Mi, 
45 Min. | 30 Mio. J 15 Min. [o Mn, 45 Min, —_—_ 


30 Min. | 15 Mit 


81 Degrees 


553 


80 Degrees 


— — 


1 


— 


TRAVERSE TABLE, 67. 


* 


8 De Zrees. 


1 


9 Degrees. 


— 


510 


O 
15. Min. | 3o Min. | 45 Min. Lo Mio. 15 Min. 30 Min. 45 Mia. 5 
Dep. Lat. E Dep. Lat.] Dep, | Lat. | Dep. | Lat. | Dep. | Lat. Dep. $| 
60, 37] $,75]60,33] 9,02160,29 9,54z60,21] 9, 8150, 16 1210, 33 Ga} 
5901, 32 9,1667, 28 957061, 19 9,975, 5010, 24061, 11010, 5c 62 
9504062, 31 9,3 162,27 9,8662, 18010, 1362, 14/10, 40a, ogſ10, 67 63] 
9,18163,30| 9,46 63,26 10, 163, 1710, 29163, 12010, 5763, o8ſto, 8 64) 
9,304, 29] 9, 6 1104-24 110, 17 4 10 10,4 510411 64,06]11,01 65] 
9-47[65,28] 9,76P65-23 10, 3 36 5, 1410, 6 165,09 fo, goſb 5, os, 18 65 
9,6766, 26 9,9066, 22 10, 48166, 131,76, 81,0766, o3 11,5 67 
977667, 25/10, of5 67,2 10, 64467, 1270, 932, 07T 1,2 3]67,02[11,5 680 
9,9068, 2410, 008, 20 10,7 g08,1c|11,09]68,05|11,40Þ53,00]11,69] 69 
69,28110,04]69,23[10,35169.79 10,9 569, 0911, 2 5169.04 8.991,86 70 

9531 958870, 2710, 19%, 2210, 50070, 17 11, 11%, oft , 4 1%, o; 1, 2 3469, 9712, oz 71 
1,30110,02Þ71,26110,33]71,21]10,6447 1,16 11,2671, 611,571, 01,890, 96 72 
2,2910, 16072, 5/10, 47% 2, 2010, 7972, 15 11,4272, 51, 74% 2, oo 12, 6% 1, 95 73 
2,20 5280/10, 3073,23 10, 6273, 19010, 9473,10 11,583,041 1,902, 9912, 222,93 74 
2,3 14,271! 0,44474+22110,7 0J74,15j1 1,09974,13 11,7 3474.0 31120007 3+971 12, 3917 32921 12,7 751 
75520 10,58 5,21/10,9 15,1711, 247511 11,8 75,1012, 2294.00 12,5554. 9012, 87 700 
76,2510, 7 76,2 11.0876, 15 11,39 6,10 12,0 576, oc 12,387 5394112972 75789 13,0 77 
2740,87, 1901, 297, 140i 1, 5372, og 12,20170,99112,54976,93112,33176,371r3,21] 78 
41? 18,310,997 8, 1811, 3478, 1311,68 78.08 12, 367,972, 77, 92113, 57, 86013, 3 79 
35 09,2211 1,1 3079171114079, 12 11,8 379.7 12,51078,96112,36478,90]1 3-21178,85]13,5 $of 
3 50, 1011, 27180, 1601 1, 6280, x 151 1,97150,00 12,729,953, o f9, 8913, 38429, 8 313,7 $f 
3.46 1,15111,77]81,10|12,12]81,05 12, 8 380, 93013, 18180, 8873, 5 8 82 
| 11,9 082, og 12, 2782, o3 12,988 1,9213, 34817, 8613,71 83 
$4,18[11,69]83,1 3j12,05]83,08[12,42]83,02 13,1482, 91013, 5082, 3 513.87 84 
34,11, 8 384, 12412, 2084. 012, 5684. 01 13,308 2,. 90/13, 6648 3,8 314. o 85 
$5,16]11,9 703 5,7012, 348 5, 061, 7aJ8 5,00 13,4584, 8813, 82184, 824 2 860 

„10 12,4 ; 86,05 12,86 85799 12,61 85,87 13,9 35781 14,37 87 

PR 1,14112,2 587, og 12, 6387. o 3I1 3, 186,98 13,7 7186, 8674, 186, 7914, 5386, 880 
4% 2, 39]85,08]12,7 7038, 02] 3, 1652,97 13,9257, 8411493 1957,78114,70]87,7 111507] 89 
9.122,39, 0012, 9 089. 01013, 30 088,9 14,08]88,3 3414, 4788, 7714, 8 90 
„11012, 6790, o6ſt 3, 0690, 00] 13, 4889,94 424189,8 214,389,515, 03 917 

bio, 80491, 0 51 3, 2090, 99 13,6090, 93 90,8714, 3990 8014,79, 7415,19 92 
204113, 34491, 9811 3,7 591,92 91,8614, 5591,79 91,73J15,36 931 

13,0893, 0313, 4992, 971 3,8992, 91 92,8414, 192, 2,7L1115,52 94| 
13,53, 9614.43.89 93.536475 7915,69 951 

13,784,914, 1904.88 94,3211 5502494575 15,86 gol 

13, 50496, 0013, 920 5,9414, 345,87 15,1795,74 16,02 97 
513,649,994, 66,9214, 496, 86 15,3 16,1 98 

7·9 814.2 1,9 114,639.85 153909757 1 16,35 99 

8,9714, 388, 9014, 898,84 15565 16,52 »94100 

99, 891 14, 929,830,309, 65,8099, 69 16,6899, 171167 

| * ee 100, 8015, 520, 15,96 16,85 19055 = 


8701,91, 20,8 
103. 8015.5 


106, $|15,823105,$ 
106, 8 lf 5, 96106, 


16,4109, 7 
16,56 118,7 
16,70 111,7 
16,8 512,7 
17,0 113,7 
1751511747 
17,3815, 
17,44Þ 16,6 
17.591117, 6 
17,744118,6 


15793 109,8 
16,07110.8 
16,2111, 8 
16,3611 12,7 
16, 50f 13,7 
16,6514, 7 
16,7971, 7 
116,93 116,7 
17,08]117,7 
117,22 118.7 


15,6701 7 


102,915, 3102, 81 5,32f102,7 
103,3115,974103.7 
104,811 5,67 204,8 16,121104,7 


16,281105,7 
16,4 lic 6,7 
16,5807, 
16.731708, 6 


16,47 
1658 
16,7 
16,90 
17,0 
17,21 


16,8 109, 6 
177041110, 
17,191111, 6 


17,4913, 
17,6514 6 
17, 801115, 6 
17,95þ119,5 
18,10]117,5 
18,2 118,5 


17, 344 12,9117 


17,36 
7752 


18.771118, 4 


t 7. 841 og, 5 


1$,1t]r11,5 
13,32 112,4 


17,01 161,5 
17,18 


13,4901 134 
18. 


9 
© 


Dep, Lat. [D-p. 


Lat. | Dev 


Lat. | Dep, 


Lit 


30 Min. F 15 Mio. 


o Min. 45 Min. 


Dep.! Lat. 
30 Min. 


Dep. | Lat. 


— ! ĩ.— — 


15 Min. 


: 


2 


81 Degrees. 


6,7 


80 Degre 


.. ©  — — 


es 


| 
| 
| 


22 


2 


— 


— 


TR AVE 


\ 
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EIN lo Degrees 18 _ 11 Degrees 19 
| Zo Min. WE Min. 30 Min. | 45 Min, [e Min. 16 Min. 30 Min. I 45 Min; 
[21 Lat. Dep. | Lat. Dep. Lat. Dep. Lat. [Dep Lat. Dep. CA. Dep. Lat. | Dep. Lat. | D.y, 
| I] 2,00] 0,17] 0,98] 0,18] 0,98] 0,18f 0,98] 0,19] 0,98] 0,19] 0,98] 0,20 0,20] 0,98] 0,20 
2} 1,97] ©,35] 197] 0,36} 1,97] 0,36] 1,97] 0,37] 1,96 0,38 7,96] « 0,40] 1,96] 0,41 
[ 3 2,95 ©,5 2,95 0,53 2,95 0555 2,95 ©,56 2795 075 2,94 o, 60 2594 0,61 
| $f 3 94] , 294] 0,714 3:93] 0,734 393] 0,75] 3.93] 070] 3,92 0,80 3, 92] 0582 
| 5f 4,92 0,87] 4-92] 0,89] 4,92 0,91 4,91} ,9 f 4,91} ,9 4,90] « 150 4,90] 1,02 
6 5,91] 2,044 5,90] 1,07] 5,90] 1,09} 5,90 1,15} 5.89 T1208 5,87 1,22 
f 24 6,89] 1,22] 6,39 1,2 5 6,88] 1,28 6,88 1,34] 6,87 140] 6,8 5 174 
18 7,88] 1, 30 7,87] 1,42 1,46] 7,86 1,5 J 785 1,60 7,83 1,63 
of 8,86 1,56 8,86 1, 1,64] 8,8. 1,72] 8,83 1,79] 8,81] 1,8; 
rof -9,85] 1,74] 9.34] 1,78 1,82] 9:32 1,91] 9,81 1,99} 9,79] 2,24 
11110,83] 1,9110, 82 1,96j10,82| 2,0170, 8 2, 100,9 2,1910, 77 2,24 
iat, 82] 2,081,810 2, 1411, 80] 2,1911779 2329]1 1,77 11,75] 2,44 
13172, 80 2,2672, 79 2, 3 12,78] 2, 37012,77 2,4872, 5 12,73] 2,6 
[1441373] 2.43113. 780 2,4913, 77 2, 583.75 2567J73,73 13,710 2,89 
74.77 2,6114, 76 2,6714, 75] 2,7374, 7 2,86114,71 14,69] 3,06þ 
161 5,76] 2,78015,74] 2,815,730 2,92Þ15,72 37051 5,69 15,67] 3,26 
(17 16,74} 2,9 5176,73] 3,036,772 3-24416,67 16,64] 3,46 
1817,73] 3.132.710 3, 2007, 70 3-43] 7,05 17,62] 3,06] 
1918,71 3,30418,70| 3, 38118, 69 3.63118,64 3.79118, 60 3,8, 
019,70 3.429,68] 3,5 3-821 9,62] 3590 3.9919, 58] 4,07 
[2 110,68] 3,65120,67] 3,7 4,01]20,60 „56 4,2Þ 
2221,67 3,382]21,05| 3,0 4, 20 f1, 58 {| 4,48 
12 3122-65] 3.99 E=, 63] 4,09]22261 4, 39½a, 56 2,52] 4.6! 
[2432364] 4, 173,62 4,27j23,60 4.5812 3, 54 3,50 4.89 
2 54,62 4,344.60 4,45 4771-4452 4548 5,09 
[2612 5-61] 4,5142 5259] 4,6 4,902 5,50 5400 5,36 
2726 59] 4-69fz6,57] 4,81 5,156, 48 3f 5,5 
287,57 4.8627, 55 4,987, 53 5734 7:40 741] 5,70 
2928, 56| 5,04128.54| 5, 16728, 51 5,538, 44 739 51 
EP: 522 112952 5, 3452950 5.722942] _525 5429,40) 937] 6.11 
131130, 53] 5,25130,51] 5,5230, 48 5792130, 410 6, 530, 38 30,350 6.31 
13 31,51 5,50 1,49 5 31,46 6,1131, 39 6,2 31,36 6,3 31,33 6,52 
133132, 59] 5,7332, 47 5537132245 6,44432>34] 6, 58132, 3 1 6,2 
3433.48] 5:91133,46| 6, 033, 43 6,6333320 6.7833, 29 6,92 
[3 5134-47] 6, 834, 44 6, 2334,41 6,8334, 30 6,9834, 27 751 
3635,45] 6,235,431 6.4103 5540 7,0213 5,28 35»25} 74} 
137436-44] 6,4 3136,41| 6, 5836, 38 7,22130,26] 2,3866, 230 7,5; 
(35437-4*] ©,6c437,39| 6,7637, 36 74193724] 7,537.20 7,74 
39133.41] 6,77133,38! 6.94038, 3 5 7,0138, 22 7,7838. 18 7,44 
4439-39] 879852. 7:22939-33| 75. 2893920 798039, 16] 8,1; 
1140-35] 7,12 0,35 7710s, 31 8, Ao, 18] 8,17 40,14] 8,35 
1241,36 7, 91, 33} 7,471, 30 |; 8,19 47,16 8,3412] 8,55 
2:35] 7, 72, 31 7, 652, 28 | 78.394, 14] 8, 572, 100 8,70 
3+33] 7.64143, 300 7,833, 260 8,023.23 8,58143-12| 8,773, 8 3,96 
4532 7,81 528 8,01 52 5 b 8,78 510 8,97 4,06 9,16 
5,300 7,99145,27| 8, 1946,30 8,3848, of 8 8,9715, 08 9, 1745,04 9.37 
6,29] 8,1646, 25 8,3646, 21 8,9746, 100 9, 74, 06 9,376, oz] 9,57 
2.27 8,337,230 85444720 9, 1644708 9, 37147»04} 9, 5 HY, oo] 9,71 
3,26 8.548,22 3,728,178 9,35145,06| 9, 5648,02 9,7 747,97 9,0 
8,5849. 290 8 9049, 16 2.4584, 2. Pe 992 E859 5/1041! 

5150, 230 3, 8650 19 9, 50, 15 975i oz 9,95 49,9810, 17149,9 310,39 
5251,21 9.035, 17 9,251, 13 947045 1,051 9,92351,0c10, 1550, 9610, 37150, 9 1.10, 5 
5352,20 9,205, 15 9,4352, 11 9,8952, 0310, 1154,9810, 3457,94010, 5757,89 10% 
5453,18 9.38053, 14 9,615, 10 3.05/10, 0753, 01010, 30452, 96010, 5452, 9210, 772,871 
55154 '7} 9.554, 12 9, 79154. 08.70, oa 54, 410, 2653. 99010, 5453,94110,74153,90} 10,97]; 3,8 5/1 1,20 
505 9,755,711 9,97J55,06f0, 215,210, 454.9710, 6954. 93010, 54,8811, 1754,83 
5756, 14 9,9056, og 10, 14456, 05 10, 30156, 00010, 63s 5, 9 flio, 8 $5,91[11,12}55,86[11,37455,81[11,61 
5515 7-12110,07157,07|10,32[57,03/ 10, 5756, 98010, 82056, 9611, 756, 8911, 3256, 84011, 56þ56,79| 11,81 
59158, 10010, 2 558, ob 10, 50058, 0110, 7557, 97/11, 057, 9211, 26157,87 11,5157, 82 11,765,760 
6059,09, 4259. 04.10, 68159, 9910.9 358.9 511, 1958,90 11,45 58,8 511,7 158, 8011.9 8.744 
ep. Lat. Dep.] Lat. | Dep. | Lat. | Dep. Lat, Deo. * Lat. | Dep | Lat. eg. Lat. P 
| o Mn, 45 Min. | 3o Min. [15 Min. | o Min. 45 Min. zo Mtn. I ts, Miu. 
o Deg 3 Degrees 571 78 Degrees 4s 
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5s 10 Degrees : — 11 Degrees 1912 
o Min 15 Min- 30 Min. 45 Min. o Min. 15 Min. | 20 Min. f 45 Min, (7 
Lat " ("A Let. Dep. Lat. | Dep. | La“. Dep. I . ep. Dep. IL. Lai. Dep. I Lat. Dep. [Lat. Dep. 2 
60,07 $111, 12$59,93/11.38 53,93 11 »04459,53 1.909,78, 12,1659 7212,41 "63 
61,06 11,30160 910/11, 56460, 86 115831 60,8 1012,09 60,612 36, 60,7012, 63J 62 
62404 11,48}61,89|11,75161,84112,02$61,79 12,29 01,74 12,56 61,68 12,83 63 
63 03 311 :,66]62,88|11,94t62,8;|12,2 1462477124 962772 12,7662, 6613,03 64 
(04-01 r1,35,63,85112,12463,8:[12,40463,75112,68;63,70/12,96!163,64113,21] 6 
M6 5,00 1250 364, 8412, 3164, 7912, 5964.73 12.88 64,0813, 16064,6213,44 62 
65,98 12,165,212, 5046 6, 7712, 79e 5,7 113.0765, 6613, 36465, 60013, 604 67 
66,97 12,3966, 8 1012, 68166, 512,9 860,913, 2766 64 13.5646 ö, 58 13,35} gg 
67,95 125574074791 12437467.73}13,17167,67113.46P67,61|13,76;67,55\14,05] 6 
68,94 58,8 3]12976 68.77/13, 0608, 71013 36168, 607 3,6668, 50 13,066 8,53 14 26 72 
69,92 12,94469,75j13 24169, 70/13, 58e, 413,85 69, 5711416169, 5014,40 71 
70,91 13,120,413, 430, 68 13,74% 0, 62 14,05 79, 55114, 36179.49 14,66 72 
71,39 13, 3037 1,72 3,93 1,00} 1442407 1453114, 55171,47114, 57] 73 
72,88 13,402,709 14.272,58 14.75½72˙4 501,07 74 
73586 443,673, 68 14,3156 14-9517 3:43} 1 5527] 75 
14-S5 511 3-35474+67 14350874, 54 15115174341115,43] 76 
75˙83 14,03 5,65 14.59 5,52 15535] $+39]1 5503] 77 
ih 82 14.227 b, 63 148876, 50 15,5 6, 3715,88 78 
11,80 14,407.61 15,0777, 48 15,7 5177,35j16,09 79 
78,70 14,5397 8460 14492 58,53 15.2778,46 15,95}7$,32[16,29] 80 
5577 14.077971 14, 76479, 55/15511079,51115.46p79,44 16,15179,30[16, 500 81 
50,614, 24180, 69 14,9450, 56015, 3080, 40ſt 5, 650,43 36,3580, 2816,70 82 
37414 4181.68 15,1337 54.835 8, 481 5,8448 1,41 16,5 5181, 26016, 90] 82 
55000 2,72114459332,66 15,31 82,63 1557 2,4616, 0382, 30 16,7582, 2417, 11 84 
mw $427 3014. 7618 3,64 15.4918 3351 b 16,22133,37 16,9 883.2201 7,31 85 
5. 0 $4,7 111 4:9 384,63 1 5,67454,49 16,41134,35 17,15194,20117,51] 86 
5,79 5701 5,1108 5,61 15,8543 5,47 16,6048 5,33 17,35}85,19117,72] 87 
8500 86,68 15, 2886,60 6, 0486, 46 116,79 36,31 17, 5 5186, 1617,92 88 
6.7 8.4587˙58ʃ15•8 87,515 16,22187,44/ [16,98]37,29 15 b 18,12] gg 
ooh „65 5,6288. 88.55 16,02 02488. 495 16.45 88,42 16,79 9,35 17.1788, 2 17,0 88.12 18.38 go 
5 Tr 39,53;16,19189,45{35, 5 3189, 40{$6,57]89,33[17,3tÞ39,25/17,7 5189.17 18, 14]9,09]18, 53 
6,720 0b 5,9390, 5 3 16, 3790, 4616.7 70, 39017, 1690, 3117, 560, 23017, 9 800, 1518, 3490, 718,7 
6,92 58916, 15 16.55 1,44J(16,9 51,37 7,3 5 1, 2917.7 51, 21018, 1401, 1318,84 , 0518,94 
7-16 92,57 16,322, 506.7392, 437,173 992˙.35017•5392,27194P2,18 18,342,118, 7492, 0301971 
143 193.56 | 16,9 93,4117, 3193.33 7,7293, 26018, 13,1818, 54% 4,09112,94193,01119,35 
„see %% 47% 084,39 2 12,9 104,24 18,324, 1518, 7 3494, 0719, 149 3, 9919,85 
s 16,8 5 54 87,269 5,2817, 89 5, 30,18, 0995, 22018, 5 , 1418,92 5,0 19,34 94,97(19,75 
77 96,51 17, 4406, 36017, 86196, 28 18,2806, 20018, 7096, 12 19,2060 319, 5449 8,95(19,96 
993 17,6297, 34/18, o4 97,26 13.47 9 7518018,89 497, 1019, 37,019,746, 93120, 76 
Sz gf 48] 17579498, 330 13.22 99,2511 13,65392,16;19,05838,08119,51097-99119,94f97,91120,36 
3.47117: 54499-39/17,97(99, 318,477,315, 45,7579, 79,569,708, 97 25514 
100, 18,1800, 318. 5g oo, 2019, 300, 119, 4c, 19, 9099,95 
101,4 18, 331101, 318,701, 219,100, 119,6 fro, zo, ooo, gg.: 
102, 18,5 102, 318,95 02,219, 40102, 119, 84102, fz, 20101, 9 
$103,4 13,58,103,2j19, 144193,2/19,59]103,0[20,041103,0120,4j102,9 
104,3 18, 86104, 279, 32104, 119,7 7104, o(a0, 23104, oſz0, 68 103 
105,3 19, 41105, 24.9, fotos, 119,960, oſzo, 42104, 920, 8NItoa, & 
106, 3 19,2205, 19,6% 06, 120, 14106, 00, 61010 5,902 T, 0) 105,802 
1107, 19, 40105, 419,860, 10, 3310, 0 20, 801105, 92 1, 27 r06,8 
lios, 19. 574108,2 20205 108, 120, 52 108, lz 100 107.921, 46107, 821,9 Ito, 7 
109,3 19, 75109, 1020, 23009, 120, 0108, 9 1, 18108, 1, 66108, 8022, 13108, 
10,3 1946 3110, 120, 41010, 0 921,709, 821,8 8U 109,722, 33109, 6 
111,3 20,1101 11,1020, 59111, 0 21, 560110, 8 22,0 8/1 10,722, 53 Ju 10, 6 
112,3 20,291 12, 120, 781 fz, o 21,751111,8|22,244111,7122,73]1 11,6 
113,3 20, 46113, 120,961 13, o 21,941 12, 822,441 12,722,931 12, 6 
114.2 20,6414, 1021, 1414.0 22, 1311 13,8022, 6301 13,7023, 131113, 6 
11,618 1152 20, 82115, cz 1, 3241 14,9 22,334114,7j22,8 351 14, 6 3, 331 14,5 
120 116,2 „121,001 16, [z 1, 5011 5-9 22, 52Jf 15,723, oalt 16, 62 3, 53115, 5 
112,20 1172 21,1841 17,02 1,691 16,922, 201 16,8 22,711 16,723,221 16, 63,7 116,5 
* 18.2 118.121,35 118,02 1,8717, 9 22,39 117,89 22,907I 17,712 3:41 117,6 23-92] 175 
OY Dep. 878 Dep. | Lat. at. | Dep. ! Lat. | Dep.! Tat. [Dep. | Lat. Tat. [Dep, Lat. [ Dev. | Lat | Dep. 8 
77 O Min. I 45 Min. | 30 Min. [15 Min. An. 45 "rag 30 Min, 1 15 Min. D 
o Dep. | 79 Degrees 55 II 78 — 4.78 
For. II. 1 W 
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2 


12 Degrees. »21] 13 Degrees. 
| 1; Min. | 20 Min. | 45 Min. Min. 16 Min. 30 Min. | ac Min, 2 
Dep.] Lat Dep, Lat. | Dey (Lat. Dep. | Lat. I Dep. Lat. Dep. L-t. Des 4 
0,2 14 , 98 C, 22 8,98 0,21 0,97] 0,23] 0,97] 0,23] 0,97] 0,23] 0,97] 0,2. 6 
©1421 1,95] 0,43] 195] 0,44 1,95] 0,45] 1,95] 0,46 1,95] 0,47] 1,94 0,48 
0,04 2,93] 9,65 2,93] 0,564 2,92} 0,68] 2,92} o, 69 2,92} 0,700 2,92} , 
©,8 54 3,910 0,87] 3,50] 0,88} 3,95} c, gc 3.89 0,924 3,89] 0,95 
1,081 4.88] 2,08} 4, 88] 1,10 4437] 1,124 4.87 1,15 4,86} 1. 
1,27] $136] 1, 30 5,85} 1,32 5,8 50 2,35] 5,84] 1,380 5,83] 
1,494 6,8] 1,52] 6, 82] 1,5 5 6,82} 1,58 6,810 1,60} 6,81] 
70 3,810 1,73] 2.80 1,77 7.800 1,80] 2.79] 2,83] 7.78 
1,91 8,79 1,95] 8,78] 1,99 8,77] 2, 0g 8,76 2,04] 8,75 
251297 2,6 0,75} 2,21] 0, 74] 2, 25 9.73 2, 29 9,72 
2,3310, 74] 2, 3810,73 5 5 2,4710, 71 2, 5210,70 
2,554" 1,72] 2, 001, 70 2,6 501 1,69 2, 7011, 68] 2, flu 1,57 
2,6012, 69 2,8 112,8] 2,8 12,57 2,92 12.65 2,9812, 64 
259 713,67 30301 3,66] 3,091 3,64 3,1 573,63] 3, 2713,61 
73,1274, 66 3, 1814,65 3,2 5114, 63 3,3114, 62] 3.3774, 60 3.44074, 59 
3-33}*5-04} 3108,62 3,4 5.62 3,535.89 3.60 5.5 3,6715, 56 
3,531,610 3,6776, 50 3,6816, 58 3,7 5076, 57 3,8276, 5 3906,53 
374]"7+59} 3-32]17»57] 3.90017, 860 3297017554] 4.05117, 52] 4413417250 
3.9 578,57 4,93Þ 3,55] 4-11Þ18,53] 4919]18, 31] 4,2718, 723508545 
2168.55 4,24119,53] 4.3319, 5 4,41 19,49] 2,5049, 47] 4,5811945 
4.40%, 50 4,5 0,48 4,721:0,44] 4,8 10,42 
4671,48 4.761, 40 45951, 42] 5. 41,39 
4,8 22,46] 4,98}22,45 5717 22,79 5527 22,36 
5093,43] 522032 3441 5»40]2 3,36] 5, 5023,34 
5314,40 5541024, 39 5502024,34] 5,7 34:31 
5522,38 5.63 5˙30 518512 5931] 5,96j25.28 
5.7326, 360 5-8 526, 3 6,07126,28 6,19 26.2 5 
559427: 34} , zZ. 3 6, 30427, 26] 6, 4227, 230 6, 
6,158, 310 6, 2828,29 6.528,23 a 
| 6,37 29,29 6,4929, 26 6,7 59.200 6, 8829,17 7. 
6,5830, 7 6,7130, 24 6,9730, 17 7,1130, 14 
6,7913 1,24] 6,9331, 210 7,06 31,18] 7,2031, 15 33 3931-12 
: 7509582, 22 7, 1432,19 7.28132, 15 742132412 7, 5632,09 
710793323} 7.213,19 7,30633,16 7, 50033, 13 7,6533, 10 7,053, o6 
772834, 20 7,4224,17 7,5834, 714] 7,7334, 10] 7,37 34.07 8,0234, 03 8 
7483,18 75%:435,15] 757913511] 7,95435-08| 8, 10035, o4l 8,2 835,0 
7769135. 160 7,8536, 12 8, 01036, og 8,157 36,05] 8, 32136, 02] 8,4803 5.98 8.6 
7937114 8,05437,10| 3,231]37,06 8, 3937.03] 8.5 5156,99 $,71430,95 
5þ $-11438,11; 8,2838, 08 8.448, og] 8 61038. O00] 8,7; 37-99] 8.943 7-92 
$,32439»©9! 8,4*439,05] 8.6630, 01 8.8; 33,95} 0,0c438,94} 9,1758 35.90 
$, 5244-07] S, rc 8, 8839,99 9,05139.9<} 9,22139,91] 95403975) 
8,734, 4 2,941,010 9,0 9,97 9.27140 920 9,4540, 88 9,6 3040, 84 
8.94 H2, 2 9,12441,93] 9. 3114194] 94944190} 9,67441,8 9,86 1,83 
9, 15943-<9, 934442199] 9,52442+92] 9,7 42,87 9,902,830 6, gz, 78 
9,3 3.98 9,55343>93] 9,743, 89 9,9343, 8019, 123,8 10, 3143,76 
9,50144-95} 9,7644, 0 9,964, 87/10, 1844, 82010. 3 544, 78010, 5044,73 
957744519 3] 92974451501 10,1744 55341 10,37545,Bo[ro, 743.7510, 7745. 70 
9,846,911, 19146, 86{10, 96, 82010, 59146, 77 10, 80445, 72 t˖ 1, A, 
10, 19 7-83110.4 47.84 10,61147»79] 10,8 147,740 f, 0247, 70 11,23 7,65 
19,40445,36 1,6 4,8201, 8248, 71 woa, 721, 5148,67)11,46148,62 
: pr 10,6 9,24/10,52 49,7911, 49, 74/11, 2649 69jt1,47f49,64/11,69 49,59] 
25,8610, 81050, 82 11,03J5% 7/112 50,7211 1,45150,67[11,70350,62{11,92(50, 56 
3151,84}11,02 51,79 11,25 31,7471, 4757, % 7051 64{11,92 51,59|12,15}51,54 
52785 11,23 52,7 1145 52,7211. 6952, 671 1,9252,62012, 15 2,5612, 3852,51 
77 11,4453,75ʃ1 1,6753, 70011, 91053. 6012, 1453, 59112, 37 5354412, 6215 3,4* 
5 54,75112,6 $457 311,38 54,607112,12154,02[12,35f54,57 12, 60454, 5 012,84J54,45 
7455»76 11585 587912, 5,6 512, 345,601, 5855. 54012,82J55, 48013, 065 5.43013, 315 5,27 
58056, 73/1 , obs, 68 12,3 156,6 312, 556, 57/12, 8056, 5113,05 56,4613,2956, 4013, 
$77 1012, 22J57, 66,12, 32057,60,12,7757,55013, 0457,49 3,29 7243[13+52157+37]135774575 31014: 
58.6012 12.305875 5312,73J58, 5812, 9958, 52 13,2458, 4613, 13. 50058, 40/1 3,7 588.3414, 01058,28 14,76 
C Deo. Ber Ter Deo. * Dep. Lat. Dep. | Lat. } Des. t Lat” Dep. Lat. ep. Lat [Dep. Let. Je 
52. 45 Min. } 30 Min. 15 Min, o inn. 45 Min. | 30 Min. f 15 Min | 
[21.78 Veg. “ 77 Degrees. WY, 76 Degrees. 4.0 
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TRA 


9 
2 


12 Degrees 


211 3 


I Degrees 


523 


1 69,45 | 


72 70,43 


= 


30 Min. 


= Lat. 


b 217 1,41 
5472,38 
5074 34 
717 5234 
$170, 35 
97:27 
308,2 ; 


13, 2059, 50 


13,42 60, 4 
13,646 1,45 
13,8 5062,42 
14,0763, 40 
14529194437 
14,50 65,35 
14,7260, 32 
14.93167,30 
15, 158,27 


13754659, 44 
13,68 60,41 
13,90Þ® 1,38 
I4,13 62,36 
14,3540 3,33 
14, 57194, 31 
14,79 65,28 
15,04 66,26 
15,23497,23 
8524 5005321 


15,37 69,25 
I bY 58 70,23 
I5,8c I,20 


F 3,72459, 32 


17, 1077, o; 
o|17,32[78,03 


16, 22,18 
16,23]7 3,15 
16,45 74,13 
16,675, 10 
16,8876, 08 


13,95C0, 5 
14,17$61,32 
14,40402,30 
14,62{63,27 
14,85'64,24 
15507/6522 
15,3066, 19 
1552710 
15,7 568,14 


2 
14, 2160, 29 
14,4461, 20 
14.67 52,23 
14. 90ʃ63, 20 
5, 1364,18 
15,366 5,15 
15, 59166, 12 
15,8267, 09 
16, 04468 07 


14.24 59,25 


45 Min. 


155979, 1! 
16,2047 c,08 
16,4247 2,06 
16,6 572, 03 
16,8717 3,09 
17,10j7 3,98 
17,32474»95 
17,557 5292 
17,77476,90 
18,007, 87 


159,2; 
52 05,21 
3367,19 
42,10 
653,14 
5684,12 
y 35,10 
886,08 
1 


4 $8.02 


17, 580, 13 
17,2618 1.11 
17,47 82169 
176748 3,06 
17, 8884.04 
18.09 85,02 
18, 30 86, 00 
13, 5008 6.97 
18,71 87,95 
$9,01[13,92388,93 
259,999,139, 
h3199+9 7119434499, 88 
da191295119,55391,56 
539,752,584 

9395 19,90 93:81 
5788020, 1794,79 
2 5·86 „395.77 
6.94 20,52496.75 
09782 20,79%, 73 
98,7902 1, 00498, 70 
P59, 77 1, 199.68 
co, 71, 42100, 7 


16,38 e. T6 


— — — 


17,759.98 
17,9780, 95 
18,18j31,93 
18,40132,91 
1 780 
18,8 3124,86 


[ 71 og 


19,261g6,2 x 
19 4887,78 


18,2278, 84 
18,459.82 
18,6780, 79 
18,908 1,76 
19,12182,74 
19,3548 3,7 
19, 57494,68 


4 9,80 85766 
20,3085, 63 


20, 2587, 60 


4 19,84 32,56 


20,6318 2,5121, 0187,42 


19714 79,65 
19,38 $0,62 


Srz59 


2C,0818 3,54 
20,3184, 51 
20,548 5. 48 
20,7886, 45 


19, 314388,84 
9, 52189, 2 
19 7300,80 
19,9 591,77 
20, 1692,75 
20,37 93,73 
20, 5894,70 
20,7949 5,68 
215,01 6,66 
21.227,63 


19.917189, 73 


21,21 
21743. 6, 
21,0407, 53 


19,7088, 76 20,08 188,67 
20, 30189, 64 
20, 13090, 7120,53 9,62 
20,3619 1,68j20,75 
20, 56192, 6620,97 92,56621737 2547 
20,7893, 632 1,1993, 54 21,599 3:44 
21,00 94.61 21,41 94,5121, 82 94,42 
5,5921, 
7 es 6,46 22,2796, 30 
22,077.44 22,42 97-24 


20,47]58, 58 
20,69;39,55 


1,59, 


5:49 


20.9290, 52 
21,1401, 50 


22, 04.957,39 


20,8688 8,49 
21,0889, 46 
21,3200, 43 


21,24488,39 
21,48 29,36 
2171 ©0334 


21,55 $i,46 
21,7789253 

22, 0093, 35 
22,23494,32 
22,4005, 29 
22,6996, 26 
22 9297,24 


21,9591, 31 
22,1892, 28 
2254193. 25 
22,654, 22 
22,880 9 5, 19 
23,1106, 16 


23399713 


21,87 
22511 


21,8698,51 


22,29 


22,29992,41j22,7249831 
22,0899, 40. 245 14£9» 39|22,94499-29 
100, 5022,73 100,4½ 3.179552 


24,01 fl 


24.2 
WW = 2 
2448 


s 7 is. 


102 
103 


[ 


| urig 


101,7 21,62 101,6 
102,7 21,331102,6 
103, 7%, 4103, 
0, 22,2 510476 
o, 2, 4511035, 5 
qo, Ez, 66 00,5 
0197,6122,870107, 5 
11108, 23,08 108, 
109,523, 29109,4 
10,523,491 10,4 
117,523.70 417,4 
g112,5123,01f112,4 
113,5 24,12J713˙4 
71444, 331174, 3 

115,424,531 5,3 
116,4 e 4,74h116,2 
117,4]24,04FH 17 3 


101,4 22595 101,323.39 101,2 24.721104 

102, 4a 3, 17102, 3 23, 62102, 224.0, 24, 96105 

103, 224, 300103, 1024,75 3 106 
85 


22,51 
$122,473 | 
22,941103,4[23,39193, 32358 
23,164104,44j2 2, 624104,3,24074104,2124, 520104,0124,954103.9 
23,381105, 323,845, 224, 29105, 1 25567ro8 
23.59 106, 324, 06106, 2 24,2106, 25451105, 92 5,9 1109 
23, 81007, 324, 28109, 224, 74J107, 1 5, 2 110%, cqz 5,6806, 826, 15110 


24,0 30108, 324, 50108, 4,9 7/0, 0% 5, 410g, 9 5,9110), 8 6.38111 
24.240109, 224, 7209.1 5, 191109, o 25,67 [ro8, 926, 508, Ss 6, a 12 
24,46 110, 224.9411, 25,424110,0125,90C4100,9 26,38 ro, 826, 8 1134 

24,67 111,2 25,16 111,12 5½6 111,0 26,13 110,9 26,61 110,727, 1 114 
24.891 12,2 2.593 112,125.87 111,926.36 11,8026, 8 511,727,335 

25, 1113.1 5.60113, 0, b, 091 12, 9026, 591 12, 827, o8 fr 12, 7,7116 
25732 14, 102 5,82 cat, 112,926, 821 13,8027, 31113,6 27.811117 
25540115, 126,041 15, 06, 54114, 07, 0 ff 14,7127, 5 514, bla, os 18 
25 76116, 126,261 16,026,715, 80,2711 15,727,781 5,628,919 
26.9717, 126.48]116, 002,991 16,8027, 500 16,7 28,0116, 628, 520 


ö Dep.] Let. Dep. Lat. Dep. Lzr. | Dep. [ Lat. 1 . | Lat: Dep. Lat. Dep. Lat. Dep. Lat. 
O Min. | 45 Min. | 3o Min. | 15 Min. y o Min, 45 Min. 30 Min. | 15 Min. 
78 Dep. 77 Degrees 4,3 76 Degtees 4.01 


222 „ = 
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14 Degrees 251 5 Degrees 92719 
Z| © M in. 2 15 Min. f 2 Min. 45 Min. } o Min. I -15 Min, 4 30 Min. | 45 „in. : 
8 Lat. Dep. at, | Dep | Lat. Deo. | Lat. 1 Dep. [Lat. Dep. t. | Dep | Lat. | Dep. e 
11 0,97; 0,24 0525 0-97] , 25], 97] 0,264 0,96} 0,26] 0,96 0,27] 0,96} 0,29] ! 
21 1,94] 0,40 0,50 1:93] O,519 1,93 1,93] 0,53] 21-93] 0,53] 192] ©,54] 4 
3} 2,91; 0,77 0,754 2.90 0,76] 2,90] 0,754 2, 89 o, 79 2,89} o, Sol 2.89] 0,81 ; 
4 3.88 o, 1, 00 3.87 1, ozl 3.80 3] 3»86] 1,05] 3.85 1,07] 3,85] 1,cof 4 

4.85 1,21 1,251 4:33] 1,27] 4,83] 1,29] 4,82] 1,31] 4,82 1,34 4.87 1,361 5 
bt 5,82] 1,45] £ 1550 5:80} 1,53] 580] 1,55] 5,79] 1,58] 5,78] 1,6f 5,79] 1,630 6 
7 9579 1,69 1.75 0,77] 1,75] 6,76] 1,31] 6,75] 1,84] 6,74] 1,87] 6,74] 1,90 
8 2,70 1,93 2000 7574] 2, 4 7,73] 2,07) 7,72] 2,100 7,71] 2,14] 7,70] 2,1700 
of 8,73! 2,18 2,25) 8,70] 2,29} 8,69] 2,33 8,08 2,374 8,67] 2, 4c 8,66] 2,42] g 

5 228 224; 2,59 9,7 2,55} 9,66 2259] 9,65] 2,63] 9.64] 2,67] 9,62] 2,71h19 

11,67 2566 2,710, 65 2,750, 64] 2, 8010,62 25,8910 2,61] 2,8910, 2,9470, 59 2,991 

1241,64 2.951,62 3, oft, 60 3,05111,59] 3,11, 58] 3,761,560 3,2 111,55] 346 | 
13 12,61 3 20,12,59% 3.25072, 57 353112, 50 3,3612, 54 3,472,530 3247 12,51 3,53 j 
raf13,53 3»4511 35S} 3.8113, 54/ 3,8613, 52 3,62 13,51] 3,6813, 49 3,741 3447] 3,80 

18 55 5694553 3. 5614.51 3.524. 49 3.8814, 47 3,404.45 4, 4,44] 40715 
1631 5,52 3-9411 5:49] 4101]! 5:47] 450711 5245] 4+14f15.44] 442191 5,42] 4,28] 5,40] 4.34 

17116,49 4,18116,46] 4,26116,44] 4-33016,42] 4, 401 6, 40 4,47115,33| 4,54016, 36 4, 10. 
1817,46 4$43192:43} 445191741] 4,5817, 39 17437] 457 5407434] 4.8117, 32J 4,89 l 
1018,44 4+63118,39] 4.7618, 37] 4, 8418, 35 227 18,33 18,31] 5,0818, 29 5, 1öſig 
2119.41 4-92119,36] 5,01119-34| 550919, 32 5,1819, 30 573417), J 5.430 

21 0, 38 5529120, 31 5 430,20 5,61 0,21 5 oh 

2211,35 551 21,27 5.692 1,23 5,382 1,17] 5 97 

2422,32 5761 ·2, 24 5.95122,19 6, 122, 14 6,240 
2442: 329 6,01J23,21 6,21]23,15 6,41[23,10] 6,51524 
2 5124.26 6,2624, 17 6,4724, 12 6.6824, 06 6,794] 
92 523 6,5225, 14 6,7312 5,08 6,95 25,02 7,06Þ0 

[27 26, 20 6,7 26,1 1 6 599 26,05 752212 5,99 7,37 J 
8127,17 7,0127,08 7,25127,01 7481]26,95! 7, Sof! 
2928,14 7, 2628,04 7.51 E7,88 775,9 7.87% 
3 29971 9:04] _7+5'129.01 7.7"1:8,94 2,0228, 87 3.14 
3130,08 7,7629, 8 5 15 29.87 8,4151 
32 37,0 8,0 1130.95 8,4 30,34 8,695 
33132, 02 8.261219 1 8, 9 31,80 8,9653 
34132999 8.5 132,88 8,94 32,76 9923138 
3533-96 5, 7643335 9,213 3-73 95 055 
3634.93 9,01134,81 9-47134,09 59,7756 
37135490 9,2 613 5,75 o| 957 3435-65 10 0453 
38136,%7 9513675 9.90}35,62 10, 31 
3937,84 9.76137. 71 10, 2637,58 1055993 
40033,81 10, 038,68 10, 52138. 54 10, 85% 

1139.78 10, 09439, 6910, 2739, 65 1,7839751 1113 

42140, 75 10, 160,71 10,3 4:45,66 10,2 0,62 I 1,0 53449,47 11,40 - 
43141+72110,4014 1,65 10 1 10,771, 58010, 51,5; 491 1.31041, 44 11,67 

to, 8 60 11,0 A2, 55% 11, 2042, 5c 11 5742, 40 17,4% 

45 170805 43·57 11,273,521, 464347 11,8443, 36012, 33, 3102,22 

46 11, 1344, 58/711, 32J44, 53011, 82 4448011, 72 4443 10144, 3311 2, 29444, 272 40% 

47 11,57145>59111,76f45,45/11,96þ4 5.49 12,36145,29/12,5604c,24112,76 41 

a 1143 11,381,46,47112,02f46,42|12,22}46,36 12,526, 512,8 346, 20013, 0; 

40 12,06 47,44 12, 2747,38/12, 47147, 33 12,8947, 2213, ogſaꝰ, 1613, 300 

50 12,3148, 41012, 52048, 3 5(12, 73148, 30 13, 158, 1812,08, 1213.57 

For 12,55p19-38112,77 19586212 9849,26 13,419, 75 9 Ty 
152 12,8050, 3413, 2050, 29 13,245, 13.6850, 11 14.1165 

53 3,05159931113,27151,26[13,4%451,19} 12,7251, 13 13,0445 1,07 14,3955 
54 13,29 152,28 13,5252, 2213, J52, 16073, 98052, 10014, ac 52, og 1 

| 5 / 13954 $3» 51137715 3-19/14,0065 3,1 43[14,23 53,0614, 4753, oo 
5654,34 13,78.54 my 14,02454,15 14,26 54-09114,49} 5440311447 245 296 
$7455-31 14-03 555 !8114,27155,12/14, 51855,06114,7 5 54-99|14-994 54-93 
5856,28 14,28 56,154.52 56,09,74,77156,02115,01155,96}1 592645 5,50 

4 59857525 9114, 52,57-12114»77157,06;15,02156 gy}15,27856,02}15;52056,5 
60 65.21 IH 14-77 58,09 I £,02 $8,02/15,28 57,96 £5253 37,80 15,78 55582 
; , Lat, Dep. t. Dep: | Lat. en. Let. | Dep. Lat. | Dep. ag 
2] o Min, | 4; Min. 30 Min. 1; Min, o Min, 45 Min | 30 7 
5176 Deg] 75 Degices 37] 74 Degrees 
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14 Degrees 25 15 Degrees 
15 Min. 30 Min. J 45 Min. o Min. | 15 Min. 130 Min, 
| Dep. | Lat. Dep. . Lt. | Dep. Lat. I Dep. Lat. [Dep. Lat. | Dep. | Lat: j Dep. 
$9, 1911476159, 12[15,01]59,06|r5,27[58,99 15,79}58,55116,04158,75116,30458,7 1916, 56 61 
60,1611 5, 0060, 915, 2660, 021, 525, 96 16,0559, 82 16,319,740 16,5759, 6 
61,1315, 2416 1, 001 5, 5 160, 9915, 77%, 92 16, 3069,78 16, 5760, 7116, 84450, 63 
62,100 15,4862, 0 315,7 561,966, 0261,89 16 7 16, 8 3161,67 
63,0711 5,72[63,00]16,00[62,9 3/16,27162,56 16,8262, 117, 1062, 64 
64,04 15,97 63,97 16,25 63,90 16,52 64,82 17,08;63,68 17,30 63, 60 
650101621 64,94 26,4964, 8716, 7864,79 17,3464, 6417, 62064, 56 
16,746 6,8 317, 03165, 76 17, 6066, 60017, 896 5, 53 


67,9211 
— — 


— 


65,9313 8,4 546 5,97 
5205 16,696 6,88 
9157.85 
68,8917, 1808,82 
69,86[17,42169,78 
70, 83017, 667 


0,75 


18,46 


19,22 


16,9866, 80 
17,23307,77 


17,28166,73 
17, 5 367, 69 


17,8267, 61 


17,8666, 57 


18,15 66,49 
18,1267, 53 


13.41J07,45 


17,4868, 74 
17,7269, 71 
17,9717 0,67 
18,2271,64 
72,61 
18,71 737.5 
18,954.55 
75252 
19,45176,48 
197697745 


17,7868, 66 
18,0 3169, 63 
18,2870, 59 
18,5 31, 56 
18,7872, 83 
19,033, 50 
19,2874,46 
19.5375˙43 
19,7876, 40 
20,0377, 36 


19,6 


20,1176, 31 


18,0868, 58 
18, 33069, 55 
18,5970, 51 
18,8471, 48 
19,0947 2344 
19, 3547 3,41 


74,38 
19,8617 5234 


20,3717 7527 


18. 38068, 50 
18,6369, 46 
18,8970, 43 
19,1577, 39 
19,4172, 36 
19,6773,32 
19,9374,29 
20,197 5,2520, 525,16 
20, 4576, 22 20,786, 13 
20,71177,18;21,040" 7,09 


18,6768, 42 
18,949.38 
19,2 70, 34 
19,401, 31 
19,7372, 27 
19,997 3,24 
20,25 747521 


20,530, 880,45 


31,5020, 32 
32,48 
$345 
54:42 


5539 
86, 36 


19,9478, 42 
20,1879739 
20, 4380, 36 
20,688 1,32 
20,9282, 29 
21,178 3.25 
21,41]84,273 
21.6613 5,20 
21,91 86,77 


20,2878, 33 
2055379,30 
20,7880, 26 
21,0318 1,23 
21,2882, 20 
21,5339 3+ 17 
21,73484>13 
22,0308 ö. 10 
2228186, 07 


20, 8879,21 


20,62J78, 2420, 96078, 15 


21513180, 17 
21,3918 1,14 
21,5482, 10 
21,90 $3,07 
22,1 5154,04| 
22, 4008 5,00 
2236618 5,97 


27,3078, 05 
21,57 79,01 
21, 83J79,98 
22, 0980, 94 
22,3688 1,91 
22562182, 87 
22,88 3783 
23,15184,30 
23411]85,76 


22, 4 580, 85 z2, 8 
22,7181, 8 1023, o) 85 
22,95182,77123, 344] $6 
23251337312 3,61] $7 
2 352084, 70J2 3,89] 88 
23.7818 5,66 


gt wor el 


206124, 16] 89 
7,33 22,187,322. 5387, 0322, 91086, 93 23,6786, 73024, 586 6 24,43 3 
$8,30 22,4088, 10022, 7 $]88,00]2 3, 17187, 90 23,9487, 9024, 32187, 58124,70] 91 
39527 23, 308 8,9723, 4288,87 24,2058, 654, 5988, 55124,97] 92 
90,24 23,28089,94 23,6889, 83 24, 4689,62 24, 8 889, 50 5,24 93] 
5521 23,5400, 9023, 9300, 80 24,7 30, 58 90,4712 5,52] 94 
2,18 23,79]g1,57124,15j91,76 24,99191541[25,39191,4 332 5,79 9 5} 
93,153,223, of 24, 0492, 84 92,73 25,2 5192»51125,65192,40[26,06] 96 
94,12123,47 24,2919 3,80j24,7019370 25, 51193-4712 5,923,366, 33 97 
95,09 88124, 54194,77124,95194.65 2 5,78194-44j26, 1919432126. 60} 98 
196,06 24,7919 5:74[2 5520Þ95-63 26,0419 5:42126,4619 5,23126,87] 99 
97.03 25, 4496 7012 5, 46096, 50 626,7 96,227, 14 100 
b, och 252907, 57,7197, 50 26,9997, 2127,42 1010 
98,97 25,54198,64\25,97198, 522 65 2726198, 177, 69102 
39,94 24,9 25,79 99,6126, 22499, 49 26,6609, 37 27, 5399, 13127, 96103 
ioo. 26, 4100, 626.48 Jf00, 526, 92100, 327, 3 5100, 227, 79100, 1 28,2304 
1101,95 26, 291101, 56,730,427, 18101, 327, 62101, 228, 06101, 1 8, 50 105 
102, 9 26,54 102, 5 265099 I02,44127,47 [02,3 27,88 102,1 28,33 102,0 28,77 106 
oz, 8 26,7903, 57, 24/103, 7, 6903, 228, 144103, a8, 5103, oda, o4l107 
104, 27,04[104,4/27, 50j104, 3 7,9511c4,2/28,410104,1128,861104,9 29, 321108 
18 26,8 370 5, 627, 2905,4 105,328,210, 28,6705, 029, 1304, 929, 59109 
100,7 27, 08106. 527, 54106, 4428, 100, 328, 47106. 1028, 93 106,0129,40 105,929, 80110 
188 27, 32107, 5779107, 38, 20010), 228, 7210, 1129,20Þ 0), oſa g, 66106, 830, x 3Þ1 T1 
108, 27,571108,4]28,04]108, 3zſas, 5 1108, 228,99 108, 129, 46010, 9029, 9 310), 830, 40 112 
t09,6 75811709, 428, 29109, 328, 77109, 229, 2510, oſz9, 724708, 9030, 200108, 830. 67 ot. 
110,6 23,06] 10,4128, 5411 10, 229, 01 10, 129, 5oþ 110,0/29,98]109,9130,46}109,7130,9 114, 
[11,6 28,311 11,328, 71 r, 29,2811, 129,76 11, 030, 2 fr 10, 830,7 3ʃr 10,7]; 1,21þr 15] 
112,6 28, 55]1 12,3]29-0431 12,229, 5 31 12, 0[30, 017,930, 5111, 803,011, 63,49 116 
113,5 28,80113,3 29,297 13, 129,791 13, 0030, 281 12,930, 712,731, 27112, 613 1,764 17! 
114,5 29,05]1 14,2129, 5441 14, 130, 041 14, 0030, 541 13, 803 , 41 13,731, 5 113, 63a, 03 118 
1185 29,29 15,229,791 15,130,381 14,9030, S0 fr 14, 8031, 30114, 731,801 14, 532, 30 119 
2953], 30, 116, oſzo, 85118. 9031, 06115, 8031, 86115, 6032, 07 15. 532. 87 120 
; Dey, Lat, Dep.! Lat. [Dep. | Lat. | Dep. Lat. | Dep. | Lat. | Dep. | Lat. Dep. Lat. = 
Min. =} 30 Min 15 Min. | o Min. | 45 Min. 30 Min. 15 Min. >| 
76 Deg | s Degrees 37 74 Degrees 355 
2 
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- 16 Degrees. ; 29] | 17 Degrees oF 
| Sl o Min. Þ 15 Min. | 30 Min. | 45 Min. F o Min. 15 Min. | 30 Min. | 45 Min. 
4 Lat, Dep. Lat. j Dep. | Lat. Dep. | Lat. Dep. | Lat. | I Dep. { Lat. Dep.] Lat. | Deg, 
q 2} 0,96 0,9 0,25} 0,96] 0,29] o, 96 0,29 0,32 ©0295] 03% 095] 0,31 
$i 2} 192 1,92 0,574 1,92] C58] 1,91] o, 50 1,910 0, 59 1,92] o,60f 1,91] 0,6; 
7! 3] 2,88 2,38 o, 85] 2,87] 0,89] 2,87 o'88 2,87] 0,39] 2,36] 0,90] 2, 86 0,9: 
14 3-54 3584 1514] 3,83] 1,1 3,83] 2,17] 3,82] 1,19} 2,82] 1,20] 3,810 1, 
I 51 4-50 480 1,42] 4279] 1:44] 4:77] 1249] 478] 1,43] 4,77] 2.50] 4.76 2,5 
#1 Of 5,77 5476 1,701 575] 1273] 5:74] 1575] 5573] 1,78] 5,72] 2,80] 5,91] 8 
7] 6,75 6,72 1,99} 6,7c 69 2,08] 6,68] 2,11] 6,67 2,1? 
18 7,69 7,08 2327] 7,66 2,374 763] 2,41} 7, 6 J 2,44 
1 97 8.65 2,55] 8,62 2,67 8,58] 2,71] 8,57 2,74 
$22} 9.61 2,*4] 9,58 2:97] 9,54] 3.01] 952} 3,05 
1 11410, 57 312070, 63 3»26110,49] 3,3 0,48 337 
1211, 54 3541117, 49 3,5614 3,6711, 4 J 3,66 
132, 50 3569112, 45 358672, 40 3,9112, 38] 3, 90% 
/ 17411 3,46] 3-93]1 347 7] +15Þ 3-35] 4221913533] 4.27 
(25114. 42 4:26114,36 44 5Þ' 4233] 4451]14,29] 4:57 
Y1®jx 5,38 4,541 5,32 4574] 5326] 4,4$1]1 5,24] 4,38 
* 16, 34 4,8310, 28 55041176, 1 5, 11116, 19 5,18 
1872, 30 51/7), 5,347.17] 5,407,140 5, 90 
128, 26 5.40118, 19 5563078, 12] 57 108, 10 5 9 
5,6810, 1. 550 319, 7 6.0 119, of 6,1 
6,9620, 11] 6,05520,08 6,23]20,03| 6,31]20,00| 6,4c 
6,25]21,07| 6, 344 1,04 6,520, 98] 6,6220, 95] 6,71 
6, 5 322,02] 6,63 zZ 2 00 6,8212 1,94] 6,92 21,9] 7,01 
6,82122,99| 6,9222, 5 75122, 89 7,22j22,86| 7,3 
7, 1023, 94] 7,213, 91 775413, 84] 7,223,810 7,62 
7, 33424:90] 7, 494 86 2,71 PEA, Scl 2,8224, 76 7.93 
7,67] 5485 737812 82 8,025.75 8, 1225,72] 8,23 
595 26,81 3,07 6,78 8.30 26,70 8,42 26,67 8,64 
8,247.77 8. 3627,73 8,6027, 660 8,72]27,62| 3,84% 
8, 828,73 $,65}28.69 8, 908,610 9, ofs. 5 [, iz 
8,68029,72 8,8129,68] 8,539,655 9,06j29,61] g,19]29,57| 9,32 29,520 9,43 
8,96 44 9,09130.64] 9,22130;60| 9, 3630, 56 9,4930, 52} 9,6230, 40 9.7% 
92313 1,04j 9,371.60 980857 9,65331-52] 9,79,47 9,92J37,43010,06 
9,57 32,60 9,6632, 560 9,*%0};2, 9.942,47 10, 832, 4210,22 132, 3810, z7 
bo} 97913 3-56] 99413 3+51110,009]3 3,47 10,2353 3,4301, 38433, 33} 10, 53033, 3370,67 | 
10,09934-52]1c,23134-47]10,33134,43[10, 53134, 3Y 10,6834, 3310,84, 2910,70 
137435557 10,35] 5145110, 5113 5,43] 10,6613 5, 38 0,52435,24110:97135,2911 1,13Þ3 592 4/11,25h7 
(35136,53 3$110,63136,44{10,7d936, 3910, 8636, 34017, 116,290,236. 24,4336, 19]1 1,52 
3937.49 0 9137,3 9/1087 35/11, 24 37, 3001 1,4937-25|11,56};7,2c|11,73137,14 11,89% 
833.45 1 7,1938.3 8011, 3638, 3011 1,53138,25]11,700353,20 11,36};8.15 2,0 3138, ic —. 
439.4 f1,47039-311-1,65139,26111,8:139,21]11,99039, 16]12, 16,70% £2,594] 
142442537 11,7 ao, 2711 9340, 22002, 12,2840, 1012,46 , ot 12, 80 
11,33 129%; 1,23 12,21041,18 12,57941,07]12,7 5[41,01 32,11 
$142,30 12,3142, 19/12, 0ʃ42, 13 12,8642, 02 t 3, 0 541,96 13,4 
392.6} 12,5904 3-1 512,783, 0 13,1 82 985 13+ 95 13.72 
804.2: 127944 13,0744, o; 13,453,313. 3.87 14,02 
(4244 5518 ! 3:3 5345-01 137414439211 3-94{44,83 14,33 
46, 14 13,635,956 14-2394 5,84/4,23 5.78 14 % 
#314710 13.9246, 92 64,3346, 8014, 536,73 7114.94] 
; 14, 2047. 88 14,6247, 64.8 347,69 55240 
5 1149,02 14, 4948.84 7114.9 08, 1015, 128, 15,55) 
52449,99] 1 5,20349, 661 5,42149, 59 15,55) 
53450,95 15,50J59,62[15,72Þ50,55 16,7680 
$445 1,91 15,7951, 57/16, ois, 50 16.40% 
5562,87 16,0852, 16.31 16,775 
5653,83 16,3745348[16,01]53.41 17,078 
157154279 16,6754, 44/16, 9054, 36 17,39 
E 5875 16,9 5539 17,2 55932 1760 
5,71 17,255,357, 50156, 27 17,99] 
1 7,68 2$117,54057239117»7915 7,22 . 
Deo [Lat. f Dep. | Lat. Dep. ! Lat. — Lat. f Dep. ! Lat. [Dep. | La. Dep. Lat. | Dep... La 
IJ o Min I "45 Min. I 0 Min. | 15 Min. } o Min. 145 Min. in. 


n 
Le Mi. ] 15 N 


Jure 


174 Deg- 


—— — 


73 Degrees 


3-31 


72 Degiee 


8 


—— 


nne 


TRAVERSS ( 0 103 


16 Degrees 29 17 Degrees 310 
—o Min. | 15 Min. 30 Mie. | 45 Mn. [o Min. 15 Min. | 30 Min. | 4c: Mn; 


Lat. | Dep. Let. Dep. f Lat. | Dep. Lat, Dep. Lat. [Dep.] Lit. Dep. Dep Let. [Dep. | 5 


58,64 58,49 17,8858, 3 307.8358, 26018, 0958, 18118, 34}58,10[18,60] 64 
59 ·6⁰ 559.45 17,8759, 2918, 1359,21018, 3959,13 186 505 18,90] 620 
50, 56 17,6360, 41 18,1660, 25018, 42400, 17/18, 67 18,9 56,9, 210 630 
61,52 17,91j61,36 18,4 5361,20118,7 1161312118, 19,2 560, 9519,51 64jÞ. 
62,48 18,1952, 32 18,7352, 16079, 0062, o8 [ig, 19,5 561,9 1019, 82] 650 
3544 18,4763, 28 19,2063, 1219, 30,63, 0379, 5762, 9519, 8 5562, 86020, 12 66 
64,0 18,7 5164,24 19, 31464,07119, 5963,99 19,8763, 900, 1563,82, 430 6710 
65,37 19, 36 5, 20 19,6006 5,3019, 8864 94/20, 1664.8 520,4 564,7 6½, 73 680 
166,33 19,3166, 16 19,3910 5599020, 17e 5, 90%, 466 5,8 120, 7 5b 5, 20 1,04 69 


19,59 67,12 8 


7.29 6 20, 17156, 94 0, 4766, 8 520, 7666,76 1, 0560, 69 21,34]_70 ; 
68,25 8,16[19,871]68,08 20717 67.992, 4652,90 21,0567 711,3 5667, 62 4 
69,21 20, 1 559, 4 95120, 75 68,85 612 1,3 21,6568, 57 
70,17 [20,43 9799 21, ogg, 8 1½1,3469,72 1, 55 221,959,553 
7513ʃ·⁰, 40,7 1,04120,7 1170,95 21,3370, 77 21,9470, 582, 250, 48 
72,09 20,997 1,91 21627172 22,241, 5312245 561,43 | 

3206 212772, 87 215902, 68 2,5472, 48 22,8 52,38 , 

4:02 21,5 73,83 22, 19173;64 22,83/73,44 23,163, 34 
74,98 21,8 3474279 2248474259} 3» 13174» 39,2 3:40074-29 ; 
75594 22,1175,75 22,77 5,55 23-4317 53412 3-76 7552 | 

6,90 22,30}70,7 112247247 6,612 3, 66, 50 23,726, 30 24.060, 19 f 


17,86 22,6777. 673, 172, 56% 3,34177+46 924, 367, 14424, 69 8 
8,82 78,6202 3,2978, 5212 3,6278, 42 24, 3278, 2 1 24,668, ich 5, oo] 820. 
7975 79,5312 3.57179»4 812 392479, 37 25,30] 830 

75 0,642 3,5 080, 54/2 3,8680, 44/24, 2180, 33 25,61] 84 
9713,43, 6002 3,7081, 50024, 1495 T, 40024, 50181, 29 25,90 8 


267% 37 182,6 
85.6 302 3,9883, 52 
4559 6454,48 
05,55 


762, 46 24,4352, 3 524, 7982, 24 
83,4224. 7 1183,31 25,0783, 20 
24,63 1 50 25,3684, 15 


26,22 5600 
[26,52 871} 
26,83 88 
27513 Sl 


24,91] 5,34 25,2318 53,2212 5,05)85,11 


51 25,1986, 29 25756 86,1802 5,0486, 07 2744] 90 
$7,47 25,4787, 25 25,8 887, 14026, 2387, oz z 6,6 10386,91 27,74 91 
88,44 212557 5138, 21026, 13188, 10 526,908 7,8627, 2887,74 27,6787, 6 a8, 5 92 
59,40 26,0 389, 17026, 4179,05 27, 1988,82), 5888, 027,9 7188, 57128, 35] 93 

0,36 L 27,41j39,7 7127, 8889, 65 28,2789. 5028,66 9: 
1,32 527,750, 73028, 1700, 608, 5700, 48 28,9669 
2,23 28,07191,63j23,4 7191, 56{23,87391,43129,27{ 96 
93,24 28,36192,04|25,76j92,51[29,17j92»38[29> 57] 97 

20 28.65% 3>59129-06193,47|29:4 7393s 34/29588] 98 
95,16 23,9449» 55129+36494+4212947 71942-94305 18} 99 
96,13 29, 24495» 59129,6 519.5; 37439,07$95924430,49|100 


709 29, 53499-40139995196»3313<+37196,19130,79] ton}! 
$305 28,54797,80,28,97497,67129,40197» 5412945 209744113092 5497, 28130, 6789715131, T0|t02}}\ 
901/28, 35198, $5128,82432,76 29,2 5493,63129,69498, 50130, 11198, 37130, 6493, 303059798, 100 f, 40 0 
99,9728 529,1 99.7.5 99.59 9,9709463, 499.32 30,8499, 1937, 70, 5% 771 
100,9 | 29, 3$1100,7,2945 24190, 5130,261100,4130,701100, 3131, 144100, 1}31,58F160,0[32501f195\, 
101,9 29,66101,6/30, 1101, 530, 5501, 430, 99101, 231,43 01,1]31,88 ft, 932,32 1060 


102,9 29,492,729, 940102, 630, 39102, 530, 84J102, 331, 2802, 3 302, 0032, 1801,92, z toy 
103.8 29,7703, 30, 2 103,6 30,67 103, 431, 13103, 331, 58103, 13203 103,0 2,4802, 932,93 108 
104, 6.30, 1104, 5 30 96/104, 437,404,203, 87/704, 032, 32104, 0032, 7 8f03, 8033, 23709 | 


195,7130,32 105,630, 78J105, 5 31,2 4j105,3!31,700105,2[32,161105,1132,624104,9;33-033104.,8[33 54frioff/ 
106, | 106,4 31,8700, 3 32,4 54106,0132,924195-9133-350105,7133-84[111j| 
10737 31,340,318 1, 32,5107, 33 10106, 8368106, 734.1412 
108, 6 71, 621708, 3 32, 09108, 2 33,0497, 933,5 1107, 833,980, 6034,45U113 f 
109,6 31,99]109,3 32,3819, 33,33J58, 933,118, 234,288, 4,7501140 
Ho,5131,7 32181110, 332,661 10,1 33,6209, 8034, 101109, 734,589, 855,6 11501 
ns 413244 11133 11151 3392110, 8034, 401 10,634,880, fl 35,36 1106 
12,5/½32,2 5112, 332,741 12.2 33,2 3] 12,0 3421]111,7134,69}1 11-6;35,2501 213413 5467 1170 
113,4/32>5 30" 13313 3+020113,1|33+ S180 13,015. 34,5012, 34.991112, 03548 11243585 118 | 
14:4/32;0001 14,2133, 3001141380174, $134-79}513+6135,291113+5/35+79Þ143-3]30,28[r29)}, 
rg 33»5][1591,34-00f714.9 35,05[114,6[25,594114.4/30,099t1453149»581r20ff. 
Dep. 1 


Dep.) Lt. [Dep.] Lat. ¶ Dep. Lot. | Dep. =] Dep.] Lat. Nep Let. 9. 
30 Min. f- 45 Min. I © Min. | 45 Min. Þ 30 Min. 
Degrees 3,3 72 Degrees 3,1 


” . — » * . — — — re oe 9 BY e — 
2323244 „2 * „„ 


Dep. 


. 
I- 
( 
4 


| 


| 30 Min. 


15 Min. 


o Min. 


ep. 1 Lat, [Dep. Lat. q 
45 Min. I 30 Min. I 15 Min. | 


2 
n, Mio, | o Min. | 1; Min. | 3o Min, = 
8 Lat. | Dep. | Lat. { Dep. Lat. | Dep. Lat. | Dep. | Lat. q : 
| 24 295 ; 0,95 5; 0,94 0,33] 0,94 1 
| 1,90 1,39] 0,65 1,89 o, 00 1,88 ö 
ö 2,85 2,84 0,98] 2,83 0,99 2,83 5 
{ 4] 3-59 3»75] 1,30] 3,73] 1,324 3,77 | 
' 5} 4275 4+731 1,03] 4472] 1,65] 4-71 A 4 
4 of $,7 5,67 1,95] 5966} 1,93} 5,66 
| 6,66 6,62} 2,28] 6,61} 2,3 6,60 
1 8] 7-61 775 7:55] 2,64 7:54 
1 © 8,56 8,51 8, 50 2397] 8,48 
1. 2 309] 9:46 9.44] 39.9943 
1% 3,400,458 3,5410, 40 10,38 3-63410,37] 3˙6770, 35 | 
raf 141} 3, 711,40 3586017, 5 11,33] 396/14, 310 4,01 17,29 4,00 
11 12, 36 4,0212, 35 4,182,209 12,27 429 12,25] 4, 3411224] 439], 
144" +31} 4,3173, 30 4-50}! 3324} 445651 3,22] 4,6213, 20 4,6713, 18 4,73 
154-27} 4.634,24 Of 4,82 14,18} 4,33114,16| 4.9514, 14 5, 014, 12 5,0 
IC 15,22 4945.1 557415. 13] 5,215, 11] 5,27 15,08] $9? I 5,06 $,41 
7, 17 5,25 16,14 5,4615, o) 1116,05] 5.60076, 02] 5, 676% ½ 5,74 
18 17,12 5556 17,09 5779 17,02 5,86 16,99 5793 16,97 6,01 16,94 6,08 
12 13,07] 5,8718, 6, 1177,97 6, 1917,94] 6, 26017, 91 6, 3417,88 6,42 
209, 6, 1818,99 6,43]18,91] 6, 5118,88 6, 5918.8 5] 6,6818, 82 6,7 
5 19,97 6, 4979,94 6,7119, 86 6,9219, 80 750119, 76 7,1 
1221-2292} 6, 30,89 6 7, oh, do 77] 7.2 5h 0 74] 7,340, 71 7,4 
E587 7,11 Pl, 7,39 1,75 | 7,58] 1,65] 7,68 1,65) 7,7%þ 
124 2,82 7:42h22,7 7,71422,69 7,91522,62] 8,01122,59 
[53175] 2.73, 67] 8,04]: 3.64 $,24]2 3:57} $,34[23-53 
(26Þ4»73] 8, 34, 69 8,1 8.264 4,58 8,5724, 510 8,684,457 
| 58 8,3 $264 8,4 8,6812 5,53 $,90Þ2 5,45] 9,01]: 5,41 
25 8566, 9 8,77 9, cf 6,47 9,23120,39] 9.356,35 
29 8,9627, 54 9,05 9, 3234 7.42 9,5622349, 682,29 9, Sch, 
9727 8,49 9, 30 9,6428, 37 9,8928, 2800, 018,23 4 
9,48 9,58 29,44 9,90 E 931010, 099.2710, 22129, 2210, 355 e 
0,43 9,8 0,3910, 02136, 35 10, 2930, 26010 42 30,21 10,55 39, 1610, 68130, 1210,81 2 
31730, 031, 3410, 3331,29 10, 6131, 20010, 7431, 15/10, 88J31,1111,01 31,05 1570 
©, 51832, 30010, 6 10,93362,15/11, 7132, 1011, 2132, 051, 3532, 0 11,49 0 
33,2910, 8233, 2 510,9 3.19 11,2 533.0911, 3913 2,4 1,54432,9011 1,68 32,94 11,8 
, 11,1234. 20011, 27134, 1 11,5 74, 0411,72 33,99111,87 12,02 33-58, 12,17] 
$»19111,43}35,15 5 11,89434-9*[12,05134,93112,20{34,88|12,35 382 1% 
| 6,14)11,7 36, 20{11, 36, 8112.210359 12,373 5,8812, 5313 5,8201268 35176 125845 
l: 52,0537, 05 12, 56,8812, 70036, 82012, 863é, 761 3, 02035, 1 1 % 
2 128, o 12» 394379911225 3437,93/12, 8812,86 37.82 13,02137,76{13,1 13735 $7+65 13h 
| 1 12, 6738.94 12, 8438,80; 13,1838,77/13, 34038, 13, 52J38, 6 5013, 59 38, 5913, 85% 
42859-8913, 39,8 303,339. 770138039, 13,739,650 12,8429 59114,02 39, 53114-1984 
43 $911 3,291]40, 84 13,460.78 0,7213, 820, 66014, ooſgo, 60014, 18140, 53 14,354,475 
14414113511 3-59}4 157911 3-79141,73 1,65114,14441,6014,32141, 54114, 51141,48]14,69141,4 1/1437 
42,30113.91 $2374{14s 2,67 2,61114,4 42,35 114 
3,7504213, 9/14, 4043, 62 3,5614, 79% 13,29 75-544 
704,824, 314. 7244.57 4,511 6,1 5944,23 15,88 
14.8345. 58015, $3521 552 304 534511 5,43 | 53 18/16,22 0 
15,1446, 53/15, 3445, 4715, 5 6,4015, 5 5146,12 16, ch 
159:45347-43/15-66147,42/1 5-36447,35110,07147,28/16 16,48147,13]16,69]47,06/16,9: 
16, 18448, 2916.391338, 2216, 6 8,15116,83]48,07]17,02148,00 17,24 
16, 5049.24 16,7 1149, 17 16,9349, 907, 149, o: $7430 48,94 77,57 | 
16,3450, 1917, 0450, 11,2 50,0417, 4749,96, 6949,88 1,9 % 
17,1351, 13,36 55060278 50,9817, 8050, 9018, 0350, 828,2 
17,4852, 08612, 6952, 0017, 9161, 9218, 1351, 84 18,365 7,7618, 
1,8053, 0318, 052, 9518,22, 8718, 48052,79 18,69 152,71 
18, 853, 9818, 3253,89 18, 585 3,8118, 53,7319, 0353,65 
18.4054, 20 18,5454, 34018, 8854, 7619, 154.6719, 3654, 5 
18,723,878, 9655, 7919,18, 70ſ19,4 55,6219, 6956,53 
19,04450,82119,29156,73119-53Þ56,64/19,78h56, 5620, 3056,47 20,7% 
- | Lot. Dep. Lat. Dep.] Lat. [Dep. | Lat. Dep 


o Degrees 2, 


fin. Lis Mm. Dns, . — 1. 
De Dep. Lar. p. [Lat. De Lat. e 


0, 35 0,93 0,3 
0,71] 1:87] 0572 
1,06 2,80] 1,08 
17421 3373] 1,4 
$1: 2,71] 4467] 1,7 
251 
2551 
2,87 
3s2 


5.513,93 5. 
578 4.3 | 
| 6,23 1579} 6 
| 6,6 16,72 
6.967,65 '7,04þg 
2 #3 +53] 7:4"%ad 


"2570 51 77 vr 
$,o6ÞR0,43] 8 
8,43 1727 
8,8ofa2 
| 9.16 * 
975357180 
9,90} 5,08] to, coli 
10, 266, 0/10, 38% 
phy 27,16, 10.127,12 7 a 6,94% % 
10, 384. 28, ro, 10,532 $;6 5 10, ; 8-5 7,86 2 125K 


10 rel 10.779784 78. 114/28, : 11,49]z1 
10,95 30,2 ff, 829.97 „4729.82 | 11, 0 fr 
11,2930, 6 1,42 7,1775 <6 11 31011,63170. -c | 5112,23 
11,6 37,0% 1,77 31,55 11.91 912,32“ | 12, 600% 
11.9752,84½2,12 378 12,2 40 | 272,51 12 12,9755 
33578,12,46]33,72'1246 ih; 4, 5 3:44]13-348 
34½7 12,814,662 961340 N 72. 1 12710 
5,62 73,183 5,50 53-31 6 35,29] 14,09; 
| 36,59 13. 60 36,53 13 5 13.990138, A 194% 
6 2285 37-47 147015 4 „28 — 
38.47 74.19 436 14,60 6975.0 r % 
55-40% 4,549,414. 
944,880,815. 


1,87 16,4 | 
16,65142,8 
17,0443.7 3752344365 


741174 mY 
6711 7,70]4 55911 7,9 
18, 72146, 5 13,7 46 


0,50 19,13 
1,43; 19749 
62,45 19,61152,47 19,34 $2; 
48 79473 53-39 19;96 9402 1,1% 
2057 4, ba on 5025 2752 587 270 
6 27,6254, 800 l, 880 
222 _ 


we Min. I 30 fs _ 175 Mn. 
— F — ah 


TRAVERSE TABLE,” _ 


——— . — | — — ny 
— — ——): —ꝛ Q — | 
-*! zo Degrees 381 — De _ — E; | 


Min. I e 30 Min. DES 


L © 1 — r eM. +. 45 Mn. = 
d | Late Dd La I Dep. I. cp. -þ 1<p.4 Leer p 3 g 
67,3212 FAT $7523 77 7704 777357 5577 56.95 21,86 95.852,11 9.76022, 30456, 66, EH x f 


$,26141,21] $841 7/2 1,4 6158,07:21,71157»95\2197157488;2212 -i 692,7 7 .5Y22>98] 6 
85 both 21,83 $9401, 22,0 58,9 1022, 32 38782 22258 7202.83 58,6223, 058,52 og 3] 
9100,04/22,75 19: bi 22 4115958; 2240715947 2 9,6 5j2 22 Bo 2.334 943$24 5312337 2 64]! 
$' 2276 60,79 1237 975 8 23785 bc 
751 23530 14104, 196 

14 512492 $402 +3.4124..<6 


1 
1 
1 
- 


12123 60,99 12 8% pt 
77757 92 -2 3711 1.22 35 
1 0 85 2311906 e 6256602 
TE 73890237 97569023082 628904, 0906 


3704388727492 . 
1346 0194, 7 4 23788 64, 63, 36 253 = 12427 3494131 25391164623 25,2 64,09 25-57 65 
Ne 8 5216 3535884237553 C 70 
124, $7]00:50'24.87 ,17[25,73,06,06|20,05 585 EE 7.41 
624592525 F 26,39 26,580 7210 
5 5 2527 553 ; 26,7 y „80 27,0 723 : 


460 7 


DH PUNT 59330 W (27, 1206B-7 $127,421. 0 


6 5170,3612<x96170.25.2 a4 ; 85 1510 18 | ; 
| 95 p 


3-64]28, 22171,52128,52}. 7 | 
28, 5972,43 28.9 2 
23,9 517 3235 2 

DEE Sol 


N (28,04 * 7 | 75 0 6:62 | 3429-09 2 39,0 T; i 
$95 e 1s 7207Þ»051% 19 624 3129-7 217 N. 30,0 „1638,39 80 
9 2 | 41 P·49ʃ29.7 5[72>3613605[77,25 DEE. 705 55 . 
eee 5858.29 77 
29,0779 „ ½%77 9045 30711 My. 79.22 
WI 14 TOPS 2997 749o5 $1 30,1 2390,921 30.47 308248055 $131 
30,11 E. 49 0,47 8 36 30582 81 2231,16 81, 09 . 5 
0130.10 82.56 32d 854 36.82 * 31, 18 f 2,1503475 ho $| 32,2 375 1 0 , 
N r e 3605 52,9 5032, ,8. 4132-62 2 | 5 
e 16/3 irB9f54-02/ 3252 5:83 58152 G4]83174]12,00Þ8$5 5913 3-7.5)-90 
5 111 452381, 055 0 3 . Q 7 33»3 84,52 2], . 
647, 31585 EY $<133»72 828 6 
1913135 zs gÞ87.71 $6.5 3/3495 4188, 35) 34. 
3351,15“ 570 32/508 20 | Prebl 
9877489, 1 3/32+58188,9 3,66 34, 0418! 539034 2403, 
112,8 300707 33423 9.924652 1159,02134.4: 134» £89 35718 89717 | 
11033, 89 11.003357 20,36 37975 ©,7 1 0 


Pe 


4 =. 


8 
. 
23 
wy 
how 
oY 


a 85 385851 
2,09133» 524919413 319209 1,7 9134+32 15 1,64 149 35,11 91,341 35»5 296 35-92 57705 
93:93[33 8e 588/7427 734.072. 58038707 8 35-4 35 36,28 1,95 
[193-97 34,2<|q 4-32 14,6346 13-67 Aa 53 | i665 2 
3709s 3581 


1 2476 0455 2 50585 
58514895. 35130 $15413507 
J 0.79 35423 96,63135:05 16:43/36,5 
747314557] 1287757 24(036.4 
6739 78,51 6+] 9.356,77 
557635, 59.4 516,89 

Wee. 2146,601100,4.37,0 88525 
19 836,941,377 525 778 
Ne 2/6851 


80,029,581 cc, 3040.9 
41399410122 


103.4137,02]803. 2: 35,04 530 43,5 40.320702, 240, 260110 
Neb ref 84,1 18742 103,0 8,8 103, 55733 75775 7577 10375 40, 49,64 103 1]41,213 1 
852038.3 55,1038, 855 9.68704, 6040, 144704, la 41,0 $1104, 4, 501412) 
2196, 2113,6 5]$06,0 139-1 1090 $53,39+ 57810 527140304 105,5 18585 19543 114 11420105,0[41,87)113 
07,1113,090807,0 39:4 8855 8 (39292 r06,6 #9239 106, 440.8 fro, 4½8 05,802,244 


42715 106, 8042, 61 115 
A2, 5107,42 99110 


se 35 $M, 39-5 8 56 ee 14441 ons 
1149 42,88 198,7143-39|117 


109,0 40 


by 199,9 1 9,8 50 


f 10,9142, 35 1 403 18550 10, 45285 110,2]42,2 917 10,0 13248 169 037300 
) 1840.70 411 115% 67111. 342,16 11171 42,65 410% ; 43-0 11075 419/129 
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35 47,4218 8,9 47,8 88, 7648, 1088, 55748, 58 8,34 8,97 88,12 5.97497; Jo 0150, 127101 
3 147,89]89;8 b 89.6548, 6 bene 89.21 235 8,7850, 23“ TR 102 
| 92,94 £,35199-73 BY 5190, 52149, 1590, 30,49, 5 4) 9.9489,87 50, 389,6 5[5% 2 SE CT! 
8 991, 87 8,8 nente: 1, 40ʃA49, Ga, 1418;$0,0286 5 $0,4 2190, 74140, 82 8 | Fader e 10. 
2714929 9249/49; 70h 8050 70 92,06 59750 145 50791 51, 63 3503! 54,70 171 $2, 10135 
8 93.59 4976 9 3339150917 3716 505 58 92,94 50,99 2,7 1151, 30992, 215.1, 30f62,2.6 £2,199 28 52,8000 
31 754,48 50,234, 2650, 644, oa 51,06 3.85 51,43. 5951,88 93-36 52, 2803, 1315220192, 9053,09 107 
82 *. 95736 50, 70 0 2148171 4391 51,5 \ 69 51,9 7 4, 40 52730 94 4452,77 94 00 8379 4 92.76 535 59 108 
20 99:24151,17196,0215125919 95015. 5752+43095: 341 52.8 * 8 61944 37153-07194, $5154-09 73 
5 $1,64196,90152 o 196,67}52,49Þgt 24 2-91196,21153,33 9 95250154, 53h 
| $2, 11]67, 78/52, 54087,55/52,97þ 2 age 55.583,87 x Fer THEN 37 TT 
52,58198,66153,01198,43[53-44]98, 19 53.87% 654, 2057. 754,7 3107-45155: 15] 78858 8812 
53.0599, 54153-4399: 353,929,054. 358, 83054, T8. 50 $3, 35155 04]3, 1215$0,0711.13 
5382100, 4/53, 9600, 2 54,4099, 9 27 9+ 7115512 719924715. 669, 22051356 97 56.7 14 
53799701, 354,43 01. 154, A7hioo, $5930 100,6 * 100,3 446786115 
164102, 546602, 254,9 101, 955, 180%. 55, 8c, 101, 57,12 vp 52-56 11t 
171193, 354,9 3103, 1 882 102.8 55,83 Jroa, 656, 28102, 6.5 102,1 57, 6 foi, 5 555 117 


55-099193»915 5-8 5010371 56,300103,5 56.76 
$5, 569104. 8156, 324704, 656, 78/04, 3 57,4004. 1057.690103, 8 
-0156,34] 1057155-8:J105,5!57,26Pt05.2 5272082858, 18 104.7] 
. | Lar: Dep.) 1 Dep: | Lr. Dep. I.. Dep. ! Lit. I Dep. 


toz, 25% 03, 
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62 Deg. 0 Degrees —_ 60 Degrees 


o Mm. "45 ia 30 Mi. 15 Min. f o Mi. 45 Min. oN 11 


103.859,09 

14.904 15 

Dep 1 Lot — 
> 
2 
* 


0 * * ere, 


31 = : 


35,330,833 20,96 $5.19 21,7 
e 13. 35,892 7,47 36,00 1,63 
7.054, 136,9 521,98 6,86[22,15 

22 22, 73 2812,41 555 22,6 
7133, | 2,8438, 67 22,99 8,5712371 
| 39-6623, 75 9833,50 
9799 50 9222 0519,24, 
1 S5 5 
222 24. 
45356 


25288 
39 


92 37,5 15⁰ 
38. 10% 2, ce 


$3+1D]2.5.1 4 3+ 0+ 
612 5,69 
4.9 6,26 


: 


4 5,78;26, 5,67 ,HC T $5 27 y 
on er 42 
is 75 28. 12 


739 P7:92þ 
8, 25 23542 
912 23,938 
„9829.4 

$8412 9-9 575 


73$0,27,77Þ 
of 8, 39 23,2 1 
28, 5049,24 23,724 


29, 14]48, $6 29.25 
984 29.659.719, 86 
0,79 30, 1915015713093 


122 5 29-56 50,97 39,7 
6 59630 [51,37 30, 3 1:70/39-41 
| Den. 1 Lat. 'Dep [ Lat. Dep. | Lat. Dep. Lat. 


35-0512. 
| 1 
36 

37,62 


$, 31127456 


27 1025 715962 


519]: 7+69Þ8 5407 
6,17123,01146,04|23,22 


45. 0 Ii 15 Min. A. 


Mi, | 30 Min. g 45 Min. [ein. | 15 NM E Mn. T x Min, {5 
8 I. }Dep | Lat. Dep. Lat. Dep. IE. | Dep. Þ Lat. Dep. | Lat. | Dep. Lat. 1Dep- Lat, Dep.13 
116,87 , ge "0,36 ©z51] 0,36 o, 51 0,35] 0,524 0,85] 0,524 o, 8 

1 1,80 1,7] 1, 1,92 1,0 r,71] 1,04} 1,70] 1,04] 1,70 2 
312 1,50 2:53} 1,524 2, 58 | 1,544 2256] 1,56] 2756 1,57] 2,550 ; 
* 20 3,45] 2,0 344 ' 2,06] 3:42] 207] 3-47] 2,0 374 f 

2,5 441 2,5 4,28 2457 47527 2,59 4239] 2,63 425 9 
55% 5, 17 3,044 5516 3-99] 5,03}. 3. J 812 3.66 5710 | 
3553] $503} 3,55} 6,02 3560 5293] 3.83 8270 25 
4,044} 6,39} 4,06} 6,88 4.12] 6,84] 4,1 6,82 wy 80 4,21 
3 7-75} 4257] 7573] 463] 7:69] 4 67] 7:67] $79] 7:65] 4:24) 
62 5074 8, 60 $7] $21 AC RE — = 2 lo 
9,41 9:45] 58 9,43] 5-06} 9,4 
0,3. 10,31 , 30, 29 6.170, 26 21 
12, 20 1517 6,6 114 6,69]11,11 95 28 
ee 7,70 4575 7327 "07, 26 
12,93 767772, 8 92 12,8 
0673,79 8, a3, 75 8,17 W137 2436 
550 74,68 8,6 250 576 Jr, 57 8;7 [14,53] 
9.0 88 e 920 52431 922 15:39] 9934 | 
9,8756, 37 9,6 6,33 927 116,23] 9,73[r6,24] 9,86 F 
7229 12:97" 7323 19o1 31 75 1911032311 75145 10, 30017-10110, 37]1705110,4 511.7501 
18,05 10, fl 8, o0 10, 82h 7,9 Jess 110,9 7778616 
8,9107, 58,8671, 178,87 1,41 18,76 11,50 18,7115 
19,7 1 7,78 19,71 11785 197661 1,9" | 12,0 19, 55112,1 
, 5772,60, 52112,45 1254]: 0:4 1[12,6 
4 1,4; 12,88 8 , 3712,97 32/13, bg 4,261 
2913, 30 , % 3, 4/17 3,5827113 60 : 
$0jz3, 1411 3,912 3,6 1450) 13,0 014,1 2726014. 
24,00]14.4212 3941145 53123185] 14,63]2.3:8:[14.7; 
| 24,36114,94122»79]! 5:05 
Þ $2711 $34Þ2 5971115 45]25-65/3 $o5b 
26,641: 5,8 5 26,57 197129, 5016,08 
7h 1 754J/ 1840 27,36116,6c 
5,4 28,3616, 878,29 % 8,2101, 
39:30/r7;26þþ9,22 17.58 955 175) 29,05117,64]8 99 ö 
53,5, 773,887, 89 18,2429, 9278, 16449, 8418,19 49,7618, 4K 
| r, 28,27 30, 94/18, 40 0,86; 8,50 35,7878, 68 3%, o113,81130,63118,9 
28, 583 1,95118, 64jz 1,88 18,787,918, 7179,86 7,63 1920317 72 1346119,47h7 
2,97 19,0032, 319,14 4444 19,2913 2,6 19,4 12787 19, $5132:49119,7 2, 4019.8 g 15 
85 , 0, dp $32 421955 33: 57119-94433 -43[20,0913 3, 340, $3,26}20,38 33,16 
4 $4-49| 20, 35634+33!20,4 5134.25 20, 6034. 20 


it 
9» 59139900 9,46 30, if 19, 32130 52158 
50,436,655. 37/30, 8 350, 1713 7,34% 
1,55 30,68151,47130.9 $1,290 31.1 3þ$ 1,10 


TRAVERSE TABLE, 67 
2 Deg x; * — — 


5 — —— EN 
'£ 0 [4 075 los; 855 | | : "O55 


1,06 1,69 2; wb 1,07 $1: 1,03] 2,9 2,67] 1,10], 

$259] [2454] 1,60 2,3 | 252 '2 1,644 
? 5 2 13 32371 Fees 3235 51 | 3. 27191 

2767 4:22 27. ** 1 of "7 2,74 


— — 


3195 ee 


77535 Weta 1816766 17759 7461 
35 1 3x96 78,45 11,9851 2,06 55 
12,30 89.34%: | 2,6115 


771 1930 27706 7 
796 25 $*7»98 : 
, 5 8.75 
| 29. 9A. 9 235 9er 
36 ages $910513034 5|; | 6,289,470, 19 : + 30.1019, 745 
95 956 131,29 17 Rz 47 | 


332 3120, 144 32,1412 


9E 
3 


< 
SES} 


ee ee nn nn  OOCCO_ — 


— — 


27.71.8884. 51 
er n 
36.47 7 P 


Bok 3-4 of 177 5 | 7 0 0 26 6 605 24429 46,58 al 
* 67,35 454.51 Bite, 4167187»53[24-84137,4|2 5,00 

PS. 35/2 5,c6038.47/25,22038,36/25, 398,255 

9:42]2 5,90 19-30 $97 39,19: 9490 39.08 


: 
_—_— —— —— — 


„292,1 660, . 836 8,8805 549 
t,r0[26,69 538 26,86 
0 29 27,211, 8 27.4114", 41,5912 7.60] 
177127»30[4z,65/27,96[42,53)28;15( 25 | 
3761 34 13,4918, f 3-30) 8,7043, 24015 
4.458.894, 3229, o“. 29.2 
299,435. 1629, ver 29, 8c ; 
*1 3129-9845.59130,1 514 :+$6130,36]4 5,73130.;h 
9115-97139-52446,$3130,70[46,70/30,91[46, 56/74 
78113 1,07147,67131,45 115313145147 39 316 
80 | $145,6 5131,61]48,50 11,808, 37/32, 8,25 32 
72 eee eee, 342,359,032, 86049505 32,7 
19790327414 2:22452:02132-24049-46[32-4+$50,32[12.68þ70, 1 29915903133» 7 2{49-39143.308 
1; EA 2791 bee | Dep: 1 Tal 
175 Min” 5 o'Min,” [7 7Min. 20 Min. } 15 Min, : 
12541... $565 Degrees 1, 


1 RAVE RS E TABLE. 67. Et 
32 Degrees : 621 25 0 33: D . 
6 Min. 15 Mio. o Min. 45 Min. o Min; 15 9 * las, 45 Wan, E 
Lets Dep. Lt. | Dep. | Lar. [Dep.] Lat. (Dep. Lat | Dep. Lat, Ben Lat. 1 5 Lats Dep. 1-8 
7573325 3245 1,59 22535 57457 51, 300; 3-00]514r6[3 3,261, f 440, . 3379 6: 
2,3803278 5152-4413 3-95152,29133»311$2,14|23-54[52500[3 3-7 vt 33-9815 170134; 3 6 
$4213 3335]53+2513 3-62]5 3-1 313 3-$5152,95[34-08152,84134, 37 4.532,53 6 
42713 3-9 1154-5 3434-1 545 3-97 [342 39]5 3+ $3134» 62]$3, 631348615 3, $2135,0 137 "6 
$512[14,4445497134-09154532[34»924546713 5, 7664.5 103 5.4054, 3003 5-63]54:2013 6 
7 4.763˙52035,253.6603 $4615 5-51 [3 597 1455-3513 5295455» 1936,75 6 
6,81[4 5, 90490071357 5150, 5013 5. 2956, 35 36,2 5150, 19136, 50356,03136,7215 5-37 6 
6636, 035781 36:39 $7» 35130» 53157 1936,79 7,0337, 456, 8603 7-27156570 6 
$,51136, 36453, 36139,92153,15137-07158,03157-33057+$7137-53157-7 012782457 54138;08 6 
$,36137+09159-2013 7,3 515903 [37»6 1158.87 [37,87448,7 1038,12 058, 5488, 38158, 37 - 
2:[37-62]P0,05137,3915 9.88/35, 5059,71148,41059-5 513867159, 38138;93056;21 7 
106038. 1 5160, 8918,42, 72038, 6850, 55 38.9 5150, 3839,21, 21039, 480,04 7 
11038, 6861, 74038, 9 5% 1, 57/39, aaf 1, 4039, 1916 1,22139,76]61,05}40,04]66;87 7 
2,76 2, 55139:49]92,4 [39-7 62,24(40,03592,00}40, 3036 1, 880, 57Þ61,71 7 
4, $93.4 3140,0246 3,2 54, 36363,05(40, 5762, 90140,8 562, 7261, 12562; 54 7 
445/49, %%, %, 56104,00140,33163,92141, 11163-7414 1,40963- 5614167163; 38 76 
+ 9 S, 12141, 0444 143 7404,70[41r;6 5304; 381,944, 392, 2264,21 77 
55.971, ae 5,7 841,9 1}65,60142,20J6 5, 4262, 48,5, 2342,66 5,04 7 
6f06,81142, 1666, 64a, 44414274406, 2643. 0366, 043, 3365,88 79 
776642, 697, 4/2. 98867, 28063, 28887, 5256. 903,866,716 80 
98, 50143-22468, 31143-52408, 1243, 87,3044, 127, 7444.41 2.5 81 
9913 514 3) 76469, 16044, oc, 9544, 3668, 7144-66963, 3574, 968, 38 83 
44,290 „5869,84, 9069, 6 1045, 2 169,405, 559,1 8 
71,2 0/8445, 1350,65 044 545.7 $170,25146,0 550,05} $; 
1:69145,07071 I, 5 314 5: 987 142:9}4 6; 3047 1,05 6,507, 88 8 
27534, 12, 37/46, 5 — 6,347 1,9247, 1. WU 780. 8 
3$+37140,7447 3-2 114790 743997 2+8514 7701725 5 51480247 2»<4148, 344. 8 
44214742597 4,05147,61 y 47-93] 3>69[4852 537 3-35[43, 5717 3517]45;E9] $ 
43147, 16 55271474 997 51051478207 489145, 1 74964 $,48174- 53148, 79174221494 1217 3599149; 550" 8 
42698124 02 Es 2H 5431490247 THA: Ee, 9 
7,1748, 22 9,9504850 6,7 548,896, 5314942 356, 32149, 56% 6, 10 19,59% 7875 56,22 566/50, 56 97 
$,02143,75 7 7+S6149,06 77»59149-4 735149»75177, 16150, 1117 6,450, 472150» 7317 0,49152;11] 9 
„8779.28 8.6 504 63% 8,4309, 97% 8,2250, 38, 050, 675.7750, 17 $1433 77+33[$1,67] g 
92 9846 954050, 169, 8050, 507g, obs, 858,845 1,207 8, 61/51, 348,395 7,88078,2852, 22 © 
36150, 34% 33] 50,69580, 1215 1,9, 905 1, 3907956715 119447 9-45152,00079-22] 52,4317 9501152, 78h gs 
1,41 50,87 1 219 51,27 3 151,5 857 51,9 551 $234 0,28 52463 9.0 2599 79584 $2274 90 
2, 2605 1409820415 1,708, 105, 1238 1, 58052, 4787, Jea,8 81, 12053, 1880, 8 53˙5 ge 5389]. 97 
$11]51,93]82,5: Rh er 52-b5]82,42153-04PÞ82, 1915 3,351519 5153, 73581, 72154-0915 1, 305,5 g 
þ96152.40Þ 3-7 315245 315 3+49' 53-1998 3.26153, 561 3,0415 3,92092. 79154, 26082, 56154, 64052, 33/55,00] 5 
$4, b0152-99Þ4- 57153: 36484» 34953-73184, 10154-09Þ8 3, 87154, 46] 363154, 53Þ83>39]5 551918 3+$5[5 5, 56h00 
5567, 5+42]53,80]8 „1,7671 580 84,4655, 354,2285.7 5056 10 
6,5054, 9 (6,26 54-4 72 $4+30P 579/55. 1855 5,54J55˙5 5,3055928 5,08456,30184:53156;674: o: 
9351544 53] b7,11154,96956, 37155, 56305756, 36056, 20586, 14/56, 478 5,8956, 8 5, 5,05%, 2a 
85, 55.187,96 5,498 7-701 5 5. 8887,47 56,2687. 22 56,6 6,9 $7» 6, 7.4 6 49 57776704 
My *Y 88,80 56,03 55 56,41 3,3156, 8088, 577˙¹ 7,8 $757 7-54157>9510753 28580 19 
89,6 56, 5 : 959, 15157» 34668, 5757 8. 58, 8 3 8,51 8,27 58,891 
Bn 855 9549157, 24157. 9,9957, 88889, 74058, 9.48/58, 6 9723559. Ot 59,4 Rio 
5557.23 1534] 5 7+63]9 1,091 58,0 390, 8358, 42490, 53}58,82490,32Þ59,-21fg0,o959,iÞ 234500, 
2144157»7 4929 1958, 16191, 93153, 30% 7, 6758, 9791, 42059. 3749 1, 1 5159, 76%, 98“, 26%, 69060, 56 
22887290030 2, 22:12, 51159, 5 2,2 559.9 11,2946, 310 f, 15, 77461, 177 
4,1 58,8 3.6 59, 3»3 ©,0 3. 24 2,8 you 2, i 12 2 51% 1 1 
59.3 660, 1994, 2 5YN9 3-93Þ6 t, 00493, 66% 1, 42.4958, a3, 126247 
58315 9.8 $,30190,7439 Seger, 19194, 7719 1, Sa-, "9253749 3-99192>7%1 x 
68060, „14067, 295, 3867,6793, 95 „5 479463, 3441 x, 
"5 9910 1,7 9996 7262, 21096, 4562, 64390, 17163 09995, 99163,4759 5,02163,37]; 1 
13716124 8316 7,5662, 3,287, 01% 3, 6% 6,7 64, 4: 1 
122/62 8,67 „2%, 15163, 72097: $4164, 7,5764, 53997+28[54,99þ 1 
700,4162,6 8493 378 5979.2 gs, 57098, 51 % 25413 
191,0163,0 22. 50100 k 0, 11504, 3 71 64,8 , $y 23055. bg) ds IN | 
tor, ro: 564,0 0, 264. 4,9200 606 6, 100,455, 100, 1166, 23199-75166, 6,2 
Dep. | Lat. (ep. I Lat. Dep. Lat. IDS | Lat. } Dep.1-Lar. 558 Lat. Deu | Lat. Dep, Lat. F- « 
oli. 1 45 Min. | qo | 15 Mm | o i — UU 
$6 Deg, . gtees 1,5. ++ <0 — 1548 


9 
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120 TRAVERSE TAB I. E, 65. 

2 : 34 Degrees. 57 r 56 
| 3 o Min. (15 Min. I 30 Min. | 45 Min. | o Min. 15 Min, 30 Mn. 45 Mia, | 1 
rer. q Lai. Dep. Lat, } Dep | Lat. | Dep, [Lat. Dep. Lat. I Dep. Þ Lot. | Dep. [Lat. {. Dep LP 
'$ 340,83] 0,565 0.83 0,32] 94537] 0,82] 0,59 « 0,58] 0,81] 0,58] 0,81! 0; 163 
"of 2] 1,66 1,12 1,65] 1, 2,64] 2,14] 1,64] 1,1 1,15] 2,63] 2,26] 1,62; 1, $1450, 5 
31 2249] 1,59] 2,47 2,460 1,71] 2,46] 1,72 1,73] 2:44] 1-74] 2,43) 1,74 P2154 
4] 3-32] 2325] 339 3»29] 2,23] 3,28} 2.2 2,30] 3,26 325 2,14 5 
5] 4925 2,31] 4113 4,110 2,835] 4,160] 2,87 239] 4,07] 2, 4.000 249: 53,0 
6 4.97 3236] 4.96 4:93! 3:42] 4291] 3. 3.46 488 4.87 35 553,8 
Th 5.80 3,9 879 575 3299] $573] 401 4,04] 569 4, 0 5,63 40 78 
| 5] 6,63] 4,47 6,61 6357] 4+56] 0,55] 4:59 4-62] 6,51] 4,6% 6,49 45171555 
I 746] 5:93] 7:44 7:39] 5,13J 7:37] $51 $>19] 7433 73%) „ss,; 
cf 8,9 5,59] $,27] 5 8.220 5,70} 3,19 5,7 85771 $,14 9157.2 
11 9,12 6,15} 3,09 9,04 6,27] 9,010 6,31 6734 8,95 670 20 
12] 9,95] 6,71} 9,92 9,386] 6,84] 9,83] 6, 88 6,93] 9.77 158,58 
295728 7,27110,75 10,68] 7.41010, 65 7,4 7. 500, 58 2159-6 
14111,61} 7,33Þ:1,57 11.50 7,98]11,47] $,03]tr,q43] V,08}: 1,40 300,5 
1512,44 8.3972, 40 12,33] 8,5512, 29 8, 6012, 26 3,6612, 21 401,3 
1613,26 $,95]1 3,23 13,15] 9,113, 11 9,13}: 3,07] 9,2 301 3,02 $102, 1 
17114,09] 9,411140 13,95] 9,09413,92| 9,7 9,8111 3,84 6063, o 
1814, 9210, 0614.8 | 14,7910, 2614, 74/10, 3314. 70010, 3914,65 Maes 
: 1911 5,7 5/10, 6215, 71010, 691 5, 6610, 761 5,6 1010, 8 3J1 5, 5610, 9015, 521, 9401 5,47 $164,6 
216.58], 1816, 53017, 2616, 48011. 336,4 3017, 4016, 3801 7,475, 33011, 541 6,28 11,6 684 
17.3 11,827, 31011, 17,251,977, 20[12; 057,1 12,197, 04122 95553 


18,1912, 3818,13 


16,22123,97116,3 302 390 
30{16,88]2 4,72 


19,72[13,-6819,06 


12,78 17,85 
13,39918,67 


13>94{19,48; 14,02 


14. 1620, 54014, 2 520, 4814, 34420, 41014, 430, 15114, 5202 C, 29,1450 6 
1,4914, 6 141 1, 3614,82 1, 30014, 92 1,23 15,10} 1, 10015,1% 
| 22,3211 5,2 15,29]22,19]15,39]22,12{1 5,49fz2,05 15,69:21,9115,7% 
! 23,1511 547742 3.07 1578 2350115,9 042.93 16, 0622,87 16,17 2275910, 2022,73 16,30 
1 29124,04 16,4212 3,8 3016, 5 323,7 516, 6423,69 6,7 16,842 3. 54 165 725,9 
| 324,87] 16,73]24, 16,99]24-5 5117. 1 cf24,57]17,21024,5c117-31f24.42117-42124,35, 17,55 J”7 
: 37/2 5,70\17,33ſ2 5,02117,45125»55 17,07]: $3911 7,78]: 5,321 7,59] 5,24118,00]2 5,16; 18,14 
5 3226, 5317, 89126,45ʃ18, 01026, 37 6,2 1018, 2 526, 13018, 47126, 0518, 5812 5,97 18,0 3,4 
} 35127, 36|[13,45]27,23118, 5772, 20018, 697, 1218,81), 0318, 9326,95. 19.1626, 819 76,2 
348, 1919,08, 11019, 14128, 02 27,8 5019, 527,779,627, 819, 7427,91 0 7751 
35 9,0219, 5728, 9319,70 ·8, 819, 82128 8,6720, od lz 8, 58[20,20j28,4: [20,33[28,41 — | 
36 29,34|20,1 3]29,76{20,2E[29,67[20, 3 9,4920, 6 529, 4020, 829, 3020, 9129, 22 21,0 j 78.7 
3230, 67/20, 6930, 59 30,3121, 2220, 221,3 530, 12 21,4 30,03/21;af 7955 
383 1,5002 1,2 ]3 1,41 31,1321, 80031, oz 22,0730, 84 22,10 
3932, 33J21, 8132,24 31,9 5/22, 51031, 8; 22471 
33-16j22,3793 3-06] 32,77122+94J32.6712 3,09]22.56 . 
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36,9452, 10037, 1751,94037, 39 64 
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631344 3-20903,65143-34403740143,61063,27 44,2062, 49 
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67, %45˙8 5e. 78046, 1567,58 4, 44067, 3846,74 7177,05, 96147, 32%, 764 7,62% 6, 5514 
8,8146, 41%68.61 46,7 1468,4014 7,01458,20147, 317,99 47,6 1957, 7847,90 d7, 57148, 2067,30 
164 46,97%, 43047, 28060, 23 4). 5869, 94), 8868, 8 1/48, 1868, 60/48,47P68, 39}48,73;68, 17}- 
7,47 47583 0,2 2847.05 48,1459, 84048, 4 569, 6348, 6169, 4249, 0 569, 20 49,3668, 9949,66 
71, 3048,09 1,948, 40%, 3748, 7 100, 664, oa, 45049, 330, 2 3049, 630, oi.49, 9469, 805, 2 
1172,13:43-05171,92[48,9647 1,70%, 27 1, 49049, 59% 1,2 8 , oss, 2070, 8350. 520, 61050, 83 


02,95 49.212949, 5372, 5249,84, 3 1050, 18, 8050, 4877, 875, 7½1, 64057, 1071.42 51,41 
$737 5,49-77]7 35 570,97 3.3 550, 41% 3, 13050, 3%, 905 1, 7a, 6851, 36%, 451,6 8/2, 23052, 00 
174-6 1150,33074, 39150, 6 749171509817 3»9 515193017 3o72|51,62J7 3,50 51:94}7 3-271 52,2047 3.452,58 
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539 5558955, 74057, 9754. 38058, 24% d. 63 58, 7 24, 37 59 okt 59-4 5Þ® 3-8 559,8 fe 
5622 758,53 517 158,9 15 5.45/59, 88 5,959,536 4.9300, 0284, 6 7c, 3008 
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(127-38/59126687,62150,66]87,36160,04]87,10/60,42Þ86, 83/60, 78% 6,5767, 18[86, z0151, 36e 
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0 50, 38 60, 94 fe d,4 6173 4 39,83 2574 89,56 62,13 39,29 2550 9,02 62,91 8 8,74 63,30 
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3-19] 3-91] 3,11] 3290] 2:13] 3:39] 351 
| 3:72] 4,70 3:74] 4:63] 3276] 4,60 3,78 
7 ; 4:33] 5:43] 4,36 5:40] 438] 5:44] 4.41 
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16,8 11 1,0616, 900, 986,997,911, os 158 17,17, 70 
28 1205 17,2 2117432 1,841 7, 530176] 17,62f2 1,69] 17,72122,61[17,31Þ2 1, 53 
2902. 65 17,86}: 5 12 55 2,70 18, 0622, 6278,15 K2, 54/18, 252.4618, 3 6 
S8. 662 3. 3918, 7823, 32018, 882 3,23118,9 
37 4.45 19.09 24-35 79,75 42019, 30 7819.4 409119.51 19,6 3,9 341 9,72Þ 3,8379582 
3255 19,0 2513 19,8 1 5,04119,92]24 96/20, 34, 87/20, 14 29,7 24,6120, 3 4,6020, 
3 6,00/20,32 2592 20,4 3Þ2 5.83020, 54 25574 20, 6512 6,620, 77 20, 8 8f 5, 4720,99 5, 37/1, 10% 
3 26,79 20,9302 6,70, 1,05]26,61/21,17]:6,52 21,2826, 43/2 1, 40 21,51 28,247,563 6, 142 1,7460 
3927,58 21,5 8127.49 21,6727, zez f, 7927, 30 21,91127,2c|22,03 22,15]27,01122,26J26,91[22,33h; 
30 28,37 22,17 28,2 7122,2912$,13122,4 1]28,0ff22,5;[27,93]22,65 22,7827, 8022, 90z7, 69 23,026 i 
7129» 16}22,78129,c6 22,91128,96[2 3,04[28,$6[2 3,16 28,7 512 3,2 23-4 1]:8, 5523-53 28,4 5 235664 
184.5454 9+384/23,53129,74[23,66]:9,64]23,75 24,0 5129, 33124-1712 922124-3Þ 
3913957 3,24401 30,63 24,7430, 5 324, 28130, 42024, 4180, 3 024, 5430, 20024, 6830, 092 4. 8 17 9,99 2791 


1———.. ͤ ũö—⁰ . ̃ ͤ⏑ẽ ⅛— . ˙— % ˙˙Äñ—— 3], — — 
2 


1252/24463[31,41/2476131,30[24,9443 1-2 25,0 25,31039,87]2 54443947 5/2 5.54 
41 1 2 32,202 5,3832, 092 5, 5213 1,93}2 5,6 5.8013 1,75 1,64|20,05f31,52|25,22þ 
423 3-10;2 5, 8932,58 5,0 2,8 7126, 1532,76 26, 29032, 6426,42, 52 16,7232, 29026, 56,1 
LE 13.88 2 47 33»7 7126462 33-0 5126477133, 5426, 9213 3-422 7,06 33,30 27,3 3 3,06 27, 01 
54-67 27,09134555 27+24434944[37, 391341 32127554 7170134407 9P3 3» $3123.13 
5 38.75 12747 655˙34,8635.22ʃ½8, 7 3597 28,17 * 28,77 
425j28, 32036,12 23,48}36,0c128,64 Fl $?]29,76 29,11]; 5, 60129,2543 5-37/29.41þ 
37704 23,9. 6,9 1 29, 10036, 8029, 26136,66 29,42 29974436,27 29,90 30, 1430, 
37-$2,29,5 $137-09'29,72137»57129,83Þ37-44{30,05 7417130» 3713 7-0 30953 36,9 13069 
38,61 30,17 8.48 30, 348,3 5/30, BB, 2230, 67 31,017,831, 1762.68/317,33 
$+40'36, 78 1992 7/ 39,9603 9%%1 55 1368.99031.3033˙8 | {31,3 33,4413 197 
40,19 31, 40% 0,05'31,5 9,9713179, 31,925 32,61) 
0,98/32,02 0,84 32.19 9 7˖9 2,3757542 0,27] 833,285 
1,77 32, 63 41,62, 32, 817 $1,493 34©0 A119 3333 33-8 5 
2, 55/33,25142o41 13 343]42+2613 3,62 - 34453 
$43» 34/33,$6 (3-19 34,05 30513424] 3517 
$144, 13/34-43]4 98 34-67]43-53]34-36þ 35181 
744 4-92/35, 10þ44+76,3 5,29144-61]3 5, 40“ 8 20400 
214 557 11357114 5+ 55 35:91 13 36.1 37˙⁰ 
46,49 36,335, 33 36,546, 836,735 37472 
422728 36,94 EOS 46561373 6,1 338,37] 
T Dep. | Lir. o Lat. Dep. Lat. 5p. L 


I Min. 4 Men. 130 Mn. þ 1 15 Min, Fa | 45 Min. | 30 Min. 


21 52 . 


— — — 


1230 50 — 10g 


— — “-n 
—— — — 


TRAVERSE TABLE, 67: 


38 Degrees 


3 


o Mia. 15 Mia. + 30 Min. 4 45 Mig. 


Dep. Lat. | Dep.] Lat.] Dep. | Let. 


838,79 49:47] 39.0 49,317 
$50.43139-49]50-26139,62150,09, 
51,2240, 02 51,0440, 2450, 8 


37142-48954-18142, 72454,00 
61421995497 43, 3415478) 


7507 37,5647, 907,767, 7437, 977,57 
38,1 48.69 3653 48,52 38,6048, 35 
39,2249, 13 9 

3958444922 

[40,4 50,69 
40,6 51,8340, 8605 1, 66 41,09]51,47 
417.252,67 7, 4852,44 41,7 52,25 
59}41, 8715 3-40[42,10]5 3»22/42> 3445 3,01 
42,9015 3,81, 


$5.98143271 5 43-9545 57 
p[50,74/44- 33] 54144-57]50-35 


5292487 
8,7046, 6958, 4904 


O 


53.83 49,8) 537⁰¹ 
64,5250, 494.40 
65,4151, 1065, 185 7,3864,9 

66,195 7,725 5,9752, 0065,74 
56,98 52,3366, 7552, 6266, 52 


0,1 5463, 39 504 
I's 6257357 
$36 
$2,2 
52,92 66, 30 


67,771529 67,5483, 24J6 31 
0052. C 58,8 ehe 
59,3854. 1J59,½ 1154, 4858,89 


65,52 
3»5$ 67,08 


5,13 54,30 59,8 55,1069, 675 5741 69 42 


90,9205 5,41]7008[55,72$70,44' 


2550056, 6472, 25/56, 9672, oo 


14-07157-87Þ7 3-32]58, 1973.57 
74,8658, 4974, 60058, 8 174.35 
5565 59,11 $:39159+4307 5,73 
76,44 5972 „17/60, o 75.92 
0 7523 60, 34 76,96; 60,67 76,70 
Poi 6,9 5177-74191, 2717 7,48 


358,8 1557 $,53j61,91 78,26: 


— 


! 9,55 62,1 . 9,32 62,53 9,04 
, 3862, 80080, 10 63,1579, 83 
j- 51783741 30, 89 63.77 30,61 


$$1,45164,03431,67164, 3987, 3906 
52,7464, 582,466 5, oc 2,18 


53,53 65,2 * 3524 65,62 82,96 


55,71066, 49184, 8 1066, 8684,53 


329057, 2673,03057,5872, 7515 


58967, 118 5, 6067, 4808 5,3 10% 


55,0370, 10 
7,156, 0371, 4656, 3471, 225 


60, 39]7 5-65 
61,016, 42 
61,637,521 
62,2 


* 


62222 $6,39168, 1 $6,c9 
7547/68, 34 37,1768, 72 6,87 
8,2668, 96 87,96 69,3 8775 
3950 f 69,5788,7469, 9688,44 
19,376, 199,536, 5889,22 
90, 0270, 8690, 3171, 19490, oo 
5401,42, 10% 1,8 100, 79 
$2,20/72,04091,88[72,4 91,57 
2,992,652, 673, 0 592, 35 
1 3f 93-4517 3-67Þ93-13 
94.5 


69,1 6,57 
69,72 $7535 
70, 3583, 13 
70,9788, 9 1 
7155 89,69 
72,21 9547 


27584 1,25 


735492, o; 
74, os 92, 81 
73-8194,2 417442940 3,0 147093, 59 


Dep.] Lat. Dep. Lat. Dep. | Lat. b Deo, | Lat. Dep. Lat. Dep. 


. ˙———————— — —— —L—aSĩ 
* 


o Mm. 44 Min. | 30 Min. | 15 Min. | o Min. | 45 77 
52 Deg. 51 Deg 1 


p ˙ V 


rees 


ep. | Lat. | Dep. 


4$1,53]51»11141,70150,97 
41,94952-07142,1 
42,56]52,85142,7 
43191536214 3,4245 
43» 53}54, 59j43,$1154-40144,0 


44,20 
44,8 
$T:13/45-45 56,93[4 5,6 

5057, 1146, 3245751 
»94158-29147,20]58,08 


55,9645, 3155, 7604 5,5655, 56 
56, 730459456, 5 3046, 1950 
46,5757, 30046, 8257. 1647, 0556, 9 
47»46157,3714747 1]57,60 
48,09458,65148,7 58,4 
48,72459,42 48,9859, 20 


222 


50,702, 9550, 9 
651, 3763, 7305 1,6 
51,9 4,5052, 2 


51.2 62, 50 51,5252, 28/5 
5158863, 27J52,1663, 


68,8056, 6 1058, 4356 
56,9405, 457,2 5059. 20 

5775870, 22J57:8 859, 97]; 
58,2 170, 99058, 5270, 73 
$8,84J71,76|59,16 71, 50 


— 5 a 


$0,40{64,47]80,0 5 
1,11]65,10]80,82 
81,896 5,7281, 60 


71,98J89, 37072, 3789, 572,7 
7 2,0 190, I $17 3,0088 |; 
7332 90,9 73,0 
758691, 7007, ac 


75,1193, 26075, fa 


co Degrers 


126 TRAVERSE TABLE, 65. 
A 40 Degrees 584 41 Degrees 5 
5 o Min. I 15 Min. 30 Min. 145 Min. | o Min. | 15 Min. 30 Min. 
8 | Lat. Dep. | Lat. Dep. | Lat. Dep. ] Lat. | Dep. | Lat. | Dep. | Lat. Dep. | Lat. Dep. 
9,77] 0,64] o, 76 0,65] 0,76] 0,65] 0, 26 0,65] 0,76| 0,6 0,75] 0,6 
1553 1,2 1.53 1,2 1552 1530 1,52 1,3 1,51 1531 1, 50 1532 
230 2,93] 229] 1,94] 2328] 1,95] 2,27] 1,96] 2.26 1,97] 2,26 1,98 
6! 2,57] 3,05] 258] 5,05] 2,60} 3,03] 2,61] 3,02| 2,62 3.01] 2,63 
3-83] 3221] 3,82 3-23] 3, 80 3.2 J 3.78] 3,26] 3,77] 3.28] 3,760 3. 3 


| 4» 3-86] 4,58] 3,38] 4,56 3.90 4»55| 3-92] 4253] 3294] 4251] 3,9 
39% 4+50] $234] 4:52] $232] 4255] 5,30 4:57] 55285} 4,59] 5,26| 4,6 


B , — 


— Irn 


nee pM = 
wu. 
0 


6,13) 5,14] 6, 110 5,17] 6,08} 5,20] , 06 5,22] 6,64] 5,25] 6,02 $32 
6,39] 5,79] 6,87] 582] 6,34 558 J 6, 82] 5,88] 6,79] 5,91] 6,77 5993] © 
xoþ 7:65) 6,43] 7:63] 6,45} 7,60] 6,50] 7,58} 6,55] 7,55) 6,56] 7,52] 6 


7:07] 8, 40 7,117 8,37] 7,14] 8,33] 7,13] 8,30] 7,22 
271 9,16 7,75] 9:13] 7,79] 9.09 7,85 9,06 7,87] 9, oa] 7,9 | 
8,36 992] 8,40 9,89 8,44] 9.85| 8,499 9,81] 8-53] 9,77 857] 9,74] 8,61 
g9,o0]to 69 g,o5Þ10,55| 9, 0910, 6 10 9, 1470, 57 9,1 

9-644 1,45] 9,691,410 9,747, 37 9,791, 32 9,8411, 28 9,8911, 24 9,94411,19 
10,29]! 3,2 1110, 34112,17|10,39012,12[10,4 5112,0811c,5-112,03/10,5 
1773,10, 32,9810, 9812, 93011, 04112, 88/11, oc, 8; 
83,7911, 573,74/11, 6313, 6911,61 3, 64 
19114, 55012, 2114, 50012, 2814, 4002, 34414, 401 2, 40 14,34/12,4 : 
201 532012, 861,201,921 5, 2101,99 5, 1513, 06. 5,09 13,1211 5,04113,19]14-98[13.25114,92 

16,09 f 3, 501 6,313, 575,973, 6415,91 

16,8514. 146,791, 76, 3014, 29. ', 67 14,55116,41 
17,62114,79]Þ 7555,14-86517:49114,94}17,43 
$11 53911 5-433, 32 15,8118, 25/15, 58, 18015,67J18, 11015, 18, 515,821. 155 
2 519,1 5016, 0519, 0816, 159,0 1070, 2418,94 10, 3918, 8016,48 48,73 
26119,9 216,71 19,8416, 99,7716, 8819, 70016, 9719,62), o; 1945545791 
50, 61017, AEC, 53/17, 5 O. 4617.60, 38017, 70] z0, 3601), 8 
21, 43/8, 01, 37/18, ogſz 1,2918, 1 1,2018, 28/21, 13018, 36021, 18,46 0,9718, ; 
E, 22018, 64K, 1318,72, of518, 8; 1,97J18,9 31,8919, 01, 81019, 12 172119142212 1,641 9,31þg 
22,93119,25]22,95[19,38]22.31119,48Þ22,73[19, 58 19,65122,55[19,75]22,47|19,88}22, 39 


8,27]-7,25] 8,24] 7,2 


> 


f T1] 1124452 27,60 
24,43129,00[24,55 8589 24,6 28, 792478 8,6802 5, 328,57 2570128, 4602 5, 18028, 35125 
9-9-5812 5, 79, 260 5, 2029,65 25, 3349,55 5,469.40 5.69/29, 320 5,7 029,210 5,8 29, 10 
28485212583 8839-42 59830, 30j26,11130, 290 b, 2403, 2b, 32449. 96.2 b, 5 7109, 84 
31,41 26,3 , 31,29/26,4c 31,13 3 31,06 26,7 a 30,94 
| 32,176, 99032, 0627, 1413194 27,28131,82127,42131,60 
4352,94 2,6432, 32 .78J32,79½22,93J32, 5808, 0032,35 
8,2833, 58/28, 4 33-46 28,57 33,3428, 72J33, 11 
34,478,934, 34 29,0834, 22 29,2234 09029, 3833,86 
135-24129-57135-12129,72034198/29,87134.85(30,03034-62 
3912113 5437130, 3357430, 5283 561130,08993 5,37 31,15]35,0 
8136,77 30, 86036, 6331, 36, 50031, 1736, 3731, 33136, 13 31,8 135,81 
1937.53 1, 5 37,4031, 663, 2603 1,8237, 1303 1,99136,88 
$938-30132,14]38, 16132, 31138,02[32,47137,58/32,6443 7,74 32»97437»45{33» 1303 2.30 
51139-7[32,78138,93/32 95438»78[33,12038,64(33,29038,4913 5 
$2039-$3133-43139,6913 36139. 54133-77139-49133-94139.2.5 
5340, 6034, o. o, 4534,24, 39124-42440, 1 51 34,060440,00 34-95339»7013 5» 1213954 
$4141 3734.71. 21034, 894,603 5, 40,9 103 5,2 540, 76 357694, 4403 5,78 
5 1,9803 5,5441, 3203 5,7241, 673 5, 44, 51036, 084,2 5136,26 1,19]36,45 
$6442,90(30,0c442,74/;0,151+2, 55136, 372, 43036,5642, 2730, 744, 0036, 92J41,94037,11 
5 
5 
5 


= 


2+7 5119,93Þ2 3, 06/2530 3123, 57120, 13, 49020, 24) 5, 39]20, 3423, 31020, 4 3222075 00 
4+ 51120, 574, 42020, 68 4,3320, 84, 2420, 894, i 500, 99024. 06a 1,1 3797021, 123,87 3 
2552821, 215,191, 32 5209|21,43þ2 5,00 21,54 4,9102 1,6 $1121,76[24,72|21,86[24,62[21,97}; 
6,05121,86]25,95\21,97]2 5-3 5022, os 25,7622, 20h 5,06|22,31]25,56[22,42 25,4722, 532537172 mY 

6,91/22,50j26,71/22,61j26,61]22,73 6,52122,85]26,42122,96]26,32{23,08]:6,21|23.19|26,11 j 
25823, 14/7, 483, 26 f= 373, 35]27,28/23, 50,7, 17/23, 627, 07% 3, 4/6, 9623, 8626, 82 5 
' Nj 


— 


j 
33-63}38,20[33,79]38,05133-9%1 
34,2938, 9 534, 40 34,61% 


43,6636, 64% 3, 50036, 8 313,34 37, 2“ 319372829754 42,76 37, 531426913777 
: 271374714419 3790714 3-95137>3643+6713t,05][43,51133,24443+44138, 
5503038, 124. 86038, 3114470138, 5244, 43038, 114.4,26 38,9044, 1939, 1044,02 
$7 9133-7 7145»031 38, % Es, <[39, 17145-28129, 6c, 1039, c644. 94 39,764, 69.9 


| Sf Dep Dep. | Lat. | Dep. Lt. Deo. Lat. | Dep. I Lit. | Dep. Lat. Dep. Lat, | Dep. Lat. ol 
5 o Mia. 145 Min. I :o Min. I 1 Min. o Min. 45 Min. | 30 Min. | 16 Min. ; 
8 i | Degrees 1,1 5 8 Degrees 1,11}; 
y=L5o Deg.l  _  _ -49 Degrees high 48 Degrees ul 


n 


TRAVERSE TABLE, 67. ny 


— — — 


- 40 Degrees „844 41 Degrees — 
71 o Min. q 15 Min. 30 Min. . 45 Min. } o Min. , x5 Min. 1 30 Min. , 45 vath. 7 
5 Lat. Dep. Lat. Dep. | Lat. Dep. Lat. Dep. Lat. j Def. Lat. — © 


61146973 39,6246, 2139, Sz, of, 245, 86040, 16145; 69] 
40,2746, 97 40, 47H b, 79.4, 684 b, 61040, 82146144 
40,91147,7 3/41, 137,551,337, 37 7,4847, 

4,508,494, 788. 33/4 1,99]48, 12] 
42,249,442, 43569. 0002, 6 t 

42,86]50,00{43,08[49.S 1 
43»51150»76(4 3744502 57 
44, 1615 1552144435 1232[44-01]5 1,1 3144477159 9314 
44,81 $242845,04 52,08/4442715 "551454 3]5 108 
45,46]3 3-04/45,69152 257 52563040, 1052,43 


40,1253 7946,33. 5904 


— 


-_ 


— ie ei 
2 en 9 


— 


4,5853,3 8046,83. 15 
40,7654, 547, 54, 340472454, 13047, 4753,93“ 
47-4 #]5 5539{47»05]55- 047,89J54,89048, 134 
4 „00050, 0048, 355,8 5048, 5855, 0448, 8045 5,42 
3048, 956,82 48.9050, 049.2056, 39049. 557 
7949,36 5755142401 $57:30]49,> 6157, 14{50,07' 
49-9953, 34/50,26]35, 12750, 52Þ57,89150,77157107 
50, 459,09 59+92þ58,87]51,17158,04[51,43155:4% 
31,29059-85151,57459-03 52,09159,17 
51,9 5460,6 1; 52,2 2400, 35] 52,4g400,15]52,7 5159.91 
52,6161, 36052, 871, 13053, 14400, 90 


53,2552. 1253, 53 1, 8953. 80461, 6 554,0 
53.9002, 88 54, 18862, 6454.4 562, 4054,73 
54,5 63,6454, 8 306 3,4055. 1163, 1605 5,3 
55% 04,4055, 49464, 1515527 7103-91 
[55-35Þ65,1 5058, 2464,9 156,424, 06 
556,505, 9 156,796 5,657, 08065, 415 
57,1 50,0757, 4566, 427,736, 1658 
57, 80457, 4358, 167, 1758, 3066, 92 


— 


58,45 08, 18058, bj6 7,92 


$1,0215745 
51,69158,1 


k — 2 TC 
= 


67,8960, 
60,6608, 9060, 8668, 006 1,2 


69,9659,7 589,7, 59, 43 
70,2000, 4070, 4660, 710, 10 
71,4501, 071, 20061, 360, 9406 1,670, 676 
72,2406 1,70%, 96062, 01% 1, 7662 
; 73.0062, 33 i 72,45 
62,6773, 7653, 0% 3,4863, 3273, 063, 617 
74,5216 3-6 74,243, 973,964, 29 
528064, 2974,99/64, 634, 72004, 9 
2 a 3264, 6176, 4 64,95 757,65, 875 47/05, 175.18 


7737 75 -j70,80165, 59 6,52/65,93 76,23160,2 7 594166, 5975.6 56,9375, 35%, 28101 
*. ö 50e 5,97, 8666, 247270, 53470, g93[06, 927 5,5967, 25% 5, 39167, 5507 ö, 10 92235 102 
90.00, 66,557 s, 32ſb6, 898, 03,67, 477, 74067, 57/7. 440 7,977,146, 25 9.8468, ze 
79-67 19-3*j97,2017 95291672 54Þ72»7 9,07, 8978, 4968, 23478, 19 8, 57]7 7,89198,92[77: 5969, 
5,4367, 4 Je , 8479,8 58, 199,558, 59,2568, 887 8, 9469, 2378, 649, 5878, 330 
oſs 1,20 68,4980, 61008, 8480, 31165, 1980, 069, 5479,70 69,3579, 351702 
$1,97163,78491,66{69,13]81,37[69,45051,c6|69,8 580, 7670,20 80,45 4 
52, 3)69,4 $243 69,7 art. 70, 145 1,8270, 5008 1, 51070, 8888 1,2807751 
10,071® 3197,32, 89/70, 7982, 58% 1, 1582, 667,5 108 1,9 5 81,0472, 2381, 32 $110 
I 260,710 39617 1,07]93,6517 1:44Þ83,33/71,833,08[72,17]82,70/72,55 2:39 72285 207 2 
: 221 


777724, ½2, 964,09 72,4083, 77½2,8 2463, 45073, 19553, 14% 3-5 5]82,31]73zg1[20 1 
51481725 37]35-17[72374Þ5 445 517 3,1184, 533,884.21 2280 3,88 Fad 3250 52 ai. 
73-01Þ 5.9317 3-39Þ 520 103,68 5,2874, 145 4296174, 5104, %, 8884,31, 413 
573, 66,9%, 466, 37/74, 4286, o4074, 795 57117 5,198 5.3917 5,5408 5:05 73, UA 
874. 30567,45½4, 68887, 1275,07 86,7907 5,4586, 46 75,88 176,20]8 5,8 
$317 4-96P8,2 117 5,3395788/7 5572087. 55[76,10]87, 11]76,48]86,88 
75121199, 3017 5,6of88,9717 5,9:[88,64176, 33388, 306,768 5,97%, 1 
7585 76,13]89,73176,630139,39 950677, 4288.72 
76,49 90,82% 6,780. 497,270, 15 
77.14 1,5977, 7 1, 57 90,91 


. Dep. | Luc. Dx 


0,8975780, 571, galios 


TRAVERSE TABLE, 69. 


14 D Sgrees. 


go] 


13 Degrees. 


419,82 
0,5 6 


20,8422, 85 


10,23 27.7030, 11 
30, 96028, 38130, 84 
1,57 


3,04 
3-78 


19,09417,6b5319,01 
18, 33119,74J/18, 4119, 66018, 
19,0120, 47 


1529119,69 1,21 
222g, 3674 


— 215,0 a 
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Definitions and Principles. 
1. BV Globular Sailing is meant the manner of eſtimating either the 
difference of latitude, difference of longitude, departure, courſe, 
vr diſtance, from any. two of them being known, upon principles de- 
uced from the ſpherical figure of the Eartng. TEN 


In the preceding parts of ſailing, the operations were performed as if 
the courſes and diſtances of ſhips had been run on à plane, or flat ſur- 
face. But this cannot be true, as appears from Book VI. Art. 2. To 
which, as farther proofs, it may be added, 1ſt. that mariners, as they 
ſail from northern or ſouthern latitudes towards the equator, obſerve the 
ſtars about the poles conſtantly to diminith their altitude or height above 
the apparent horizon: 2d. It is alſo well known, that in eclipſes of the 
moon the darkened part is bounded by a circular curve; and conſequent- 
ly, the body which caſts the ſhade, or obſtructs the light) müſt be 
bounded by a like curve. But as this obſcuration is cauſed by the Earth, 
conſequently its ſurface muſt be limited by a circular figure; that is, 
it mult be globular. | . 


E N2 55 2. As 


4 „ „ 


_ 


manner in which the ſea-charts were a 


15 


* 
* 
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2. As meridians are circles on the terraqueous globe, meeting in the 
amp „it is obvious that any two of theſe circles muſt recede more from 
ne anather at greater diſtances from the poles ; and at equal diſtances 
m both poles,” or at the equator, the diſtance between the meridians 
d ne greateſ. | „ 
be true place of a ſhip at ſea depends upon its diſtance from the 
eqvator, and from ſome noted meridian ; and becauſe the meridional 
diſtance} that is, the diſtance between two meridians, varies in every 
atitude; It is therefore convenient, that this diſtance ſhould be rec- 
Koned in a ſixed latitude, and where the degrees are of. the ſame mag- 
nitude witty thoſe of the meridian ; which can be only at the equator, 
where 60 nautical-miles make a degree. | ei 


* 


1 


3. Now a ſhip failing from any latitude upon an oblique rhumb, un- 
til the has made a known departure, by the rules of plane failing, will 
reckon herfelf under the ſame meridian, whether the ſailsto the north- 
ward or ſouthward. But from what has been ſaid this cannot be true; 
for the ſame meridional diſtance, which in this caſe is taken as depar- - 
ture, will not ſerve two different latitudes on the ſame fide of the equa- 
ient to ſhew the ſhip's true place, a neceſſary correction being wanted 
with reſpeQ to her longitude. 


5 therefore the common methods of plane failing alone are not ſut- 


The incorrect method of plane was probably founded on the 

t firſt conſtructed. For it being 
molt convenient to repreſent the meridians, parallels of latitude, and 
rhumb lines in ſuch charts by right lines, where the meridians would 
be parallel, and the eaſt and weſt lines cut them at right angles ; ol 
conſequence the diſtances of the meridian in every parallel were equal 
to the diſtances at the equator; and a degree on any parallel of latitude, 
was of the ſame ſize as a degree on the equator : hence each degree of 
longitude in thoſe Parallels was increaſed beyond its juſt ſize, in propor- 
tion as the equatorz or its radius, is greater than the parallel, or its radius 


5 4. Theſe material objections againſt the ſea-charts could be removed 
only by adopting a different method of conſtructing them: and it had 


been hinted, ſome hundred years ſince, by ſeveral perſons, that the de- 


grees' of latitude in ſuch charts ought to be lengthened as they approach 
the poles, Accordingly, Mr. Gerrard Mercator, a Flemming, publiſh- 
ed;the ſirſt chart of this kind in the year 1556, in which the degrees of 
Jatitude were; gradually lengthened: from the equator towards the poles ; 
but in what manner, or -how the chart was conſtructed, he did not 


ſhew z neither were thoſe degrees increaſed in the true proportion. 


8, About the year 1 590 Mr. Edward Wright, an Engliſhman, dif 
cos ered the true principles: upon-wbich ſuch a chart ſhould be conſtruct - 


ed; which is to--increaſe; the degrees of latitude as they approach the 

pokes, in the ſame proportion as the degrees of longitude decreaſe on 

the globes. But it was not until (he year 1599, when he publiſhed his 
errors. 
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errors in Navigation, that he ſhewed publicly the principles of the 
true ſea-chart, and-the method of conſtruCting it: but notwithſtanding 
Mr. Wright was the real inventor, the charts made on this conſtruc- 
tion are called Mercator charts. However, as a true method of com- 
puting a ſhip's place at. ſea does not appear to have been known till Me. 
Wright publiſhed the ſaid book; thereſore, although the chart may not 
improperly be called Mercator's, from his being the firſt publiſher 
of a chart of this kind, yet the method of failing, called Mercator's, 
ſhould, in juſtice, be named from Mr. //r:ight. 


6. The difficulty of conſtructing a true ſea-chart ſeems to have con- 
ſiſted in finding a proper manner of applying the ſurface of a globe to 
2 plane, which Mr. Mrigbt happily accompliſhed by a molt ingenious 
conception; the ſubſtance of which follows. 


1ſt. Suppoſe a rectangular plane were rolled about the globe, until 
the edges of the plane met, and formed a kind of concave cylinder in- 
cloſing the globe, and touching its equator, | 


2d, Conceive the ſurface of this globe to ſwell (like a bladder while 
it is blowing up), from the equator towards the poles, proportionally 
in latitude as it does in longitude, until every part of its ſurface meets 
that of the concave cylinder, and impreſs on it the lines that were 
drawn on the globular ſurface. | a 


3d. Then the cylinder, or rectangular plane, being unrolled, will 
repreſent a ſea- chart, the parts of which bear the ſame proportion to one 
another, as the correſponding parts on the globe do; and in which all 
the lines will be right lines. 


For in this formation of the nautical chart, every parallel of latitude 
on the globe will be increaſed till it is equal to the equator ; and ſo the 
diſtance of the meridians in thoſe parallels will become equal to their 
diftance at the equator z-conſequently the meridians on the chart are 
expreſſed by parallel right lines, | | 


Alſo, the meridians being lengthened as the parallels are increaſed, 
every degree of latitude is lengthened in the fame proportion as the de- 
grees of longitude are increaſed ; therefore the diſtances of the parallels 
of latitude become-wider and wider as they approach the poles. 


Again. As the rhumb lines on the globe cut the meridians at equal 
angles, they, will alſo eut the meridians at equal angles on the chart, and 
conſequently be expreſſed by right lines; ſince none but right lines can 
cut ſeveral parallel right lines at equal angles. | 6 


The conſtruction of ſuch a chart Mr. Wright deduced from the fol- 
lowing principles. | 4 Yo 1514784 Þ = 


N 3 . SECTION 
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SECTION II. 
Of tbe Reckoning of Longitude, 


5 PROPOSITION I. 


The diſtance betwe ny two meridians at the equator, 

1s in propertion toffheir diſtance in any parallel of latitude ; 
As the Radius, 4 / | 

To the cegſine of that latitude. | 


DEMONSTRATION See Fig. To Þ 4 6 


Let PDFE repreſent the fourth part of a ſphere; E being the center, 
p the pole, ED the radius of the equator, 4s the radius of a parallel of 
latitude. Then the ares PBD, PC d, will each repreſent a quadrant of a 
meridian ; D4 is an arc of the equator, and BC a arc of a parallel of 
latitude ; alſo the arc Ds expreſſes the latitude, and PB the complement 
of the latitude, the right fine of which is 84. (III. 3) 

Now (II. 197.) the circumference of a circle, the radius of which is 
ED, is to the circumference of a circle, the radius of which is AB, as 
ED is to AB; that is, as the radius of the equator, to the radius of the 
parallel; or, as radius to the co-ſine of the latitude. - 

But like arcs, have the ſame ratio which their circumferences have. 

| (II. 150, 197) 

And like arcs Dd, gc, are intercepted between the ſame two meri- 
dians ; therefore | 1 

An arc of the equator is to a like arc in any parallel of latitude, 

As the radius, to the co- ſine of that latitude. 

8. Coror, Hence it is eaſy to conſtruct a table ſhewing the approach 
of two meridians in any latitude from the equator to the poles ; or in 
what proportion the degrees of longitude diminiſh in every latitude. 


9 PROPOSITION Il. 


Any part of a parallel of latitude is to a like part of a meridian, as radius 
#5 to the ſecant of the latitude of that parallel. | | , 


DemMoNnsTRATION. See Fig. 2. Pl. XIII. 


Let PDE repreſent a quadrant of a meridian, where p is the pole, and 
DE the radius of the equator ; AB is the radius of a parallel of latitude, 
or is the co · ſine of the latitude the fine of which is By, and ſecant Ec. 

[Then 27 +; nn: 2Þ' : e.. (III. 34) 

Or col. lat.: rad. : : rad. : ſecant of the lat. in that parallel. 

But col. lat. : rad. : : part of a parallel: like part of the equator. (7) 

Therefore, part of a parallel of latitude, is to a like part of the equator ; 

As the Radius is to the ſecant of the lat. to that parallel. | 

Now like parts of the meridian and equator are equal, as great circles. 

Therefore any part of a parallel of lat. is to a like part of a meridian 
38 Radius, to the ſecant of the lat, to that parallel. 


10. PRO- 


Fo Y 


” my way ct Hm AS A. was > .,d 


* 
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% PROPOSET ION 


The diſtance of any parallel of latitude (a) from the equator is expreſſed 
by the ſum of the ſecants of all the arcs between the equator and that parallel. 


DEMONSTRATION. 


Now (9) As Radius, to the ſecant of the latitude A; 

So is a diminiſhed deg. of long. in lat. 4, or a degree of that parallel, 
to a degree of the meridian. - | 
But the degrees of latitude, or of the meridian, are to be lengthened 
in proportion as the degrees of longitude diminiſh. (5) 

Therefore, As Radius, to the ſecant of the latitude A; 

So is a natural deg. of the meridian, to a lengthened deg. in lat. A. 

Here radius being as unity, and one natural deg. as unity alſo, 

The length of a degree in any latitude is as the ſecant of that latitude, 
or may be expreſſed by that ſecant. | | 

Now the diſtance of any parallel from the equator is the ſum of all 
the ſucceſſive arcs between the equator and that parallel. 

Conſequently the diſtance of that parallel is exprefſed by the ſum of 
the ſecants of all theſe arcs between the equator and that parallel of la- 
titude. | 


11. Cor, Hence it appears, that by the addition of the ſecants of 
oo arcs the diſtances of the parallels of latitude from the equator are 
obtained, 

And theſe ſeveral diſtances, which are called meridional parts, being 
diſpoſed in a table correſponding to the degrees and minutes in a qua- 
drant, form a table of meridional parts. . | 

This was the excellent diſcovery of the celebrated Mr, Wrigbi, by 
which the art of Navigation received greater improvements than by any 
thing that had been done before, the diſcovery of the mariner's come 
paſs excepted ; and indeed, in this and other things, he ſo far perfect- 
ed the art, that little elſe was wanted beſide an accurate method to find 
the longitude at ſea. There have been fince his time many eminent 
men, who have done much towards rendering Navigation more perfect; 


yet if the real uſe of their improvements be ſtrictly conſidered, it will 


perhaps be found, that they amount to no more than other methods of 


performing the ſame operations: the improvements made by Mr. Ni. 


chard Norward and Dc. Halley only excepted. 


12. Mr. Wright made his table for the diviſion of the nautical meri- 
dian, or the table of meridional parts, as follows. * 
The meridional parts for 1 min. he made equal to the ſecant of 1 min. 
The mer. parts to 2 m. equal to the ſum of the ſec. of 1 and 2 min. 
The mer. parts to 3 m. equal to the ſum of the ſec. of 1, 2 and 3 m. 
The mer. parts to 4 m. equal to the ſum of the mer. parts of 3 min. 
aud the ſec. of 4 min. | | | Fn 
And fo on by a conſtant addition of the ſecants, | 


N 6 1 
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N 

Now although a table thus made is abundantly ſufficient for all nau- 
tical uſes ; yet, had the ſecants ot ſmaller parts than minutes been taken, 
the table would have been more correct. And therefore Mr, Oughtred, 
Sir Jonas Moore, Dr. Wallis, Dr. Halley, and others, have been induced 
to ſeek methods of conſtructing theſe tables with more accuracy than 
by the addition of the ſecants to every minute. | ü 
But a table of meridional parts conſtructed by the moſt accurate me- 
thod, has only ſhewed, that Mr. Vrigbt's table does no where exceed 
the true meridian parts by half a minute, and: this only near the pole; 
for in latitudes, as far as navigation is praCticable, the difference is 
ſcarce ſenſible. | . bt 
A table of meridional parts being obtained (ſee the table at the end 
of this book), the meridians and parallels gf latitude for a ſea chart, 
in which the ſituation of places will bear the ſame proportion to one an- 
other as on the globe, may be conſtructed by the following propolition. 


x PROPOSITION IV. 


« To conflruft a fſea-thart, which ſhall contain a given number of degrees of 
latitude and longitude ; ON Sy . 


Suppoſe from the latitude of 23 degrees N. to the lat. of 59 degrees 
N. with 80 degrees of weſt longitude from the meridian of London. 


$i i 1055 he Sunn ; EL 
1ſt. Write the ſeveral degrees of latitude, included between the pro- 


ſed limits, orderly under one another in a column, the greateſt being 


uppermoſt. 
2d. Then beginning at the lower one, write in another column, 
againſt each degree, the difference * between the meridional parts of the 
leſſer latitude, and of that degree of latitude. | | 
3d. Divide each of theſe meridional differences by 60, ſetting the 
quotients againſt their reſpective dividends, in another column; an 
theſe will be the meridional parts reduced to degrees of longitude, ard 
will expreſs the meaſures of the diviſions for the meridional degrees. 
If the meridional differences tb parts of degrees, or minutes, be want- 
ed, they are to be taken from the table of meridional parts in the ſame 
manner. 
Theſe three articles are exemplified in the following table ; which, 
although made to ſerve from the equator to 72 degrees of latitude, yet 
will ſerve for any intermediate limits, by Körting the meridional 
degrees belonging to the latitude where the chart is to begin from thoſe 
of all the latitudes the chart is to contain: from the ſeveral remainders 
make a table, and theſe will be the numbers to be transferred' to the 
chart, as is ſhe wn in what follows. | | 1 


* 
ͤ— 
— 
— 


8 * A 1 F 77 0 P | : q - 
This is. heſt gone by writing the merid. parts of the leſſer lat. cloſe 
to the upper edge of a bit of paper, of the ſame ſize with the tabulat fi- 


gures ; then this number being applied to the mer, parts of the other de- 
grees, ihe differences may be readily taken, ey, 


A Tas: 


\ 
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A TapLt for conſtructing a Mercator*s Chart, 


Mer. Mer. | Mer Mer. Mer. Mer. Mer. Mer. 
Lat. parts Deg. 5 Part: Deg. Lat. parts Deg. Laupen. | 


72 6335105, 54 [3865] 64,41] 36 [2318] 38,6 18 1098 18,3 
71 01461102,4}}-53 3704 62,7 35 2244| 37»4j}, 17 11935] 17,2 
70 5966 99, 4 52 366561, 34 [2171] 36,2 16 972/16, 2 
69 5705 96,6 51 [3569] 59,5] 33 1938.15 19 15. 
68 5631 93,8 50 [3475] 579] 32 [2028] 33,8 14 [0848 14,1 
67 5474 91, 2 49 [3382 56,4 31 11958] 32,6 13 [0787] 13.1 
| 66 5324/88, 48 [3292] 54,9] 30 188831, 12 [0725 12,1 
65 5179 86, 3 47 [3203 53, 4 29 [1819] 30, 3 11 066111 
64 5039 84, of 46 [311605 139 28 [175 129, 10 ſo603 10,1 
63 4905 81, 45 3030 50, 5 27 168/28. 9 42] 0,0 
62 4775 79,6 44 2040049, 10 26 1616 26,9 8 [0482 8, 
61 4649 77,5 43 86347, 7 25 550/25, 8 0421] 7,0 


— — —— — cu — | awww — — 


7 
60 4527 75.5 42 [2782] 46,4 24 148424, 6 [e361] 6, o 
59 4409 73, 41 02045, 0 23 141923, 6 5 Jozoc| 5, c 
4 
3 
2 
1 


| 58 4294 71,6 49 [26231 43,7]| 22 135422, 6 z4c|* 4,0 
57 4183 69,7 39 2545/42, 21 [1289] 21,5 or8c| 30 
56 [4974j 67,9] 38 [2468]41,1]} 20 [1225|20,4]] 2 joizc} 2,0} 
] 55 13968! 66, 1 37 [2393] 39,9 19 [1161] 19,3 oo 1, 


ach. Draw a line AB (ſee Plate XII.) to repreſent a part of the pa- 
ratlel of Jatitude where the chart is to begin (which in this example is 
the parallel of 23®) ; and on this line, by the help of a ſcale of equal 
parts, lay a number of ſucceſlive diviſions to expreſs the propoſed num- 
ber of degrees of longitude, 


Thus 80 degrees of longitude being propoſed, from ſome ſcale take 
one of the primary diviſions, and this diſtance being repeated eight ſuc- 
ceſſive times in the line AB, will give diviſions to err tenth degree of 
longitude, and then let the intermediate degrees be inſerted, and AB 
will be divided into 80 equal parts of that ſcale; which, in this exam- 
ple, is the ſcale where eight ſubdiviſions or degrees make an inch; in 
like manner the parts of degrees may be inſerted. 


3th. From the ends 4, B, draw lines AD, Bc, perpendicular to an; 
and on theſe lines lay the diviſions expreſſed by the meridional degrees 
in the foregoing table, beginning at the line AB. 210 


Thus, if the chart began at the equator, and extended to 70 degrees 
of latitude; for 70 deg. take 99, 4; for 69 deg. take 96,6; for 68 deg; 
take 93,8, Cc. ; and theſe diviſions taken from the ſame ſeale, and laid 
leverally on AD, BC, will give the diviſions for the degtees of latitude 


increaſed in their true proportion ; and the like-for the intermediate 
parts of degree. FIN : 


But 
f, 


_ 
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But the chart beginning at 23 deg. of lat. its meridional degrees 2 36 I 
are to be ſubtracted from thoſe belonging to all the latitudes to be intro. 
duced in the chart: the reſpective remainders are ſhewn in the following 
5 * | F 
Deg. Mer. Deg. Mer. Peg. Mer. Deg. Mer. Deg. Mer. 
Lat. Deg. ] Lat. Deg 7] Lat. Deg. ¶ Lat. Deg. Lat. Deg. 
159 39- 111,47 29,8 41 2,4 35 [13,8] 29 | 6,7} 
58 37,5 46 28,3 40 20, 1 3412, 6 28 | 5,6 'P 
57 359 45 26,9 39 18,8 33 [11,427 4.5 
56 34,30 44 [25.5 3812.5 3210, 2 25 | 3,3 m. 
155 32,80 4324,10 37 16,30 31 9.0, 25 | 2» Q 
154 31,21 42 [22.8 36 15, ol 20 | 7, oll 24 | 1,1 


* 


Then theſe meridional degrees, taken from the ſame ſcale uſed for 
the degrees of longitude, are to be applied to the meridians Bc, Ap; 
ſo that the meridian extent of the chat will be 49,9 ſuch diviſions, as 
the parallel extent eaſtward contains 80. 

Sth. Draw lines through the ſeveral correſponding diviſions of lati- d. 
tude, and they will repreſent the parallels of latitude; lines drawn 
through the diviſions of longitude, will expreſs the meridians or pa- 
rallels of longitude. In this example, the meridians and parallels are 
drawn only to every 10 degrees. | | 

7th. From ſome point of the chart, as a center, let the rhumb lines 
be drawn. | | 


14. Note, The difference between the meridional parts to two given 
latitudes is called the MeRIůBUIONAL DIFFERENCE oF LATITUDE, to 
diſtinguiſh it from the difference of latitude of thoſe two places reckon- 
ed in miles of the equator, which is called the proper difference of lati- n 
tude. 

In a chart thus conſtructed, every place may be laid down in its true 


poſition, with regard to other places, by its latitude and longitude, with 0 
as much accuracy as on the globe itſelf, the diſtances of the meridians *. 
and parallels of latitude having the ſame proportion to one another in, of 


both. Thus, on the globe, the diſtance of two meridians in the pa- 
rallel of 60 degrees is half their diftance at the equator, becauſe the co- 
fine pf 60 degrees, is half the radius (III. 24); ſo in the chart at the 
latitude of 60 degrees, the meridional difference of latitude to one mi- 
nute is double to the meridional difference of latitude of one minute 
from the equator, the ſecant of 60 degrees being double to the radius 
(III. 24, 34) z and the like analogy holds in other correſponding latitudes. 

Now as the meridians are parallel right lines, and are cut at right 
angles by the parallels of latitude, and the rhumbs alſo being right lines; 
ſuch a chart is of more ſervice to the mariner for moſt purpoſes, than 


7 is. | 
be properties of the ſeveral lines and angles uſed in failing by this 
chart will he ſhewn in the following propoſitions, | 


2 15. PAO PO. 


1 
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” PROPOSITION\V. 


0- If a ſhip ſails on any oblique rhumb, the proper difference of latitude to 

8 the departure, the meridional difference of latitude to the p 955m of longitude, 
and the radius to the tangent of the courſe are all in the ſame ratio. See 
Fig. 1. PL XIE 2 : 


DEMONSTRATION. 


Suppoſe a ſhip from p in the latitude of 30 deg. N. fails on the rhymb 

ps, to s in the latitude of 40 degrees north, 

Now becauſe ſhe has made 10 deg. of diff. lat.; make po, in the 
meridian, equal to 10 degrees of the equator; and draw o R parallel to 
Qs, meeting the rhumb ys in R. | 

Then po expreſſes the proper difference of latitude, 

ox the departure. 


for PR the diftance ſailed in equatorial meaſure: 
D; Cor is the angle of the courſe. 
w And R is the apparent place of the ſhip. 


; But having made 10 deg. diff. lat. ſhe ſhould be in the parallel of 40 
Ut- degrees; her place therefore, when corrected by longitude, will be in s. 


TR hen Qs will be the difference of longitude, 
22 And Pq the meridional difference of latitude. 
* Now the triangles pok, Ps, are ſimilar. 
Therefore yo : OR :: : . (II. 167) 
nes Alſo Po: ox : : rad. : t./0PR: (III. 46) 
Conſequently. As the proper diff. lat., to the departure; 
do the merid. diff. lat., to the diff. longitude. 
>" And So is the radius ; to the tang. of the courſe. 
. 6. PROPOSITION VI. | 
The tangents of the angles which different rhumbs make with the meridians, 
br. pre direciiy proportional to the differences of longitude made on thoſe rhumbs to 


equal meridional differences of latitude : Or, are reciprocally proportional to 


une unequal meridional differences of latitude on 76 rhumbs, when the differences 
ns of longitude are equal, See Fig. 1. Plate XII. | 
| 
_ DE MoNSTRATION. 
mi- Let Qs, Q, be the differences of longitude made on the rhumbs ps, 
jute Py, to the common merid. diff. lat. P; alſo pw, yd, be the meridional 
lius differences of latitude, on the ſame rhumbs, to che equal differences of 
des. 8 wx, QV. . WE PET 
ight Wl ow PQ: QV : : R: t. C „FCC f 
es; And PO: Gs : : R: t. Cs : : (UI. 46) 
han Conſequently er: gs : : t, CY: t, ops. (II. 155) 
- Again. Since R :..1,,4QEV : QF: : T n | 
this And R:; t, WX: : PW: y (= Wx) (ul. 46) 
Then RXQV=PQXt.ZQPV=PW t, WX, III. 162) 
Conſequently EN FEN: t,/QPV : t. Wx. (II. 46, 163) 


17. PRO. 
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Ja ſhip ſails on ſeveral different rhumbs, the whole meridional diff. lat. is 
equal to the ſum, or difference of all the ſucceſſive. meridional differences of lat. 
And the whole diff. long. ts alſo equal to the ſum, or differences of all the ſwc- 
ceſſroe differences of longitude; the ſums being taken when they are of the 2 
name; and the differences when of contrary names, See Fig. 2. Pl. XII. 


DEMONSTRATION. 


. 1ſt.: Suppofe a ſhip ſails from E in the lat. of 237 N. to & in the parallel 
of 26 deg. N. Then Eg = mer. diff. lat. and 6 g = diff. Jon. 
2d. To fail from G to H in the parallel of 28 deg. Then G5 = diff. 
lat. and Hg diff. long. h 601-4 1 0 | 
Now Em=Eg-+Gb, is the whole diff. latitude. 
And mu mbH, is the whole diff. longitude. . - 
. She fails weſt from H to 1: here ſhe only alters her longitude by 
HI; ſo that her preſent diff. long. is m1. | 
Ach. In ſailing from 1 to K, ſhe increaſes her diff. long. by & k, from 
110 fg K; and decreaſes her diff. lat. by 14, from E m to Eg. 
sth. In failing north from Kk to P, the diff. long. pe continues the 
ſame; but the diff. lat. is increaſed by x r, from Eg to E p. 
6th. In running eaſt from P to M, the diff. lat. Ep does not alter; 
but the diff. longitude is diminiſhed from pp to pm. 
7th. By going from M to N, the diff. lat. is increaſed by m1, from 
E þ to Eq; and the diff. long. is changed from p x, er q/toqN. 


Conſequently the whole diff. lat. E g:is equal to the ſums, or diffe- 


rences of all the differences of lat.; and the fame of N, the whole dif- 
ference of longitude. | 


18. PROPOSITION vm. 


| If the courſe between any two places, outwards and homewards, be on the op- 
peſite rhumbs; then in each caſe the differences of latitude, departures, and 
&fferences of longitudt, will always be the fame, See Fig. 3. Plate XII. 


DEMONSTRATION. 


Suppoſe a ſhip at à in lat. 25 deg. N. fails on one rhumb to the 
latitude 40 dey. N. fo that at the end of every third day ſhe alters her 
diff. lat. five deg. or 300 miles; and returns, on the oppoſite rhumb, in 
the hae manner... * 5 1 Heh 

Through the interſections a of this rhumb, with the parallel of every 
five degrees, draw meridians ; make a d, af, each equal to five com- 
_ 8 of the equator; and draw 46, Je, parallel to the parallels of 

tude. 3 - | i 

Then are the lines ad the proper differences of latitudes outwards to 
each third day's account, which muſt be every where equal; and alſo, the 
equal lines af are the differences of latitude homewards to the like 
accounts. eee e 5 FE | 

1 6: The 
\ 


Book VIII. GLOBULAR SAILING. 441 


The lines db outwards, and fe homewards, are the departures to 
each third day's account, ; V f 
The lines 46 outwards, and a e homewards, are the diſtances run to 
each third day's account, | ff Ov 0 
The meridian lines c outwards, and a » homewards, are the meri- 
dional differences of latitude ; and the weft and eaft lines c out wards 
and u a homewards, taken on the parallels of latitude, are the differences 
of longitude. „„ oe” | N 
Now it is evident from the conſtruction that the triangles d b, a fe, 
in each account, are equal to one another.. bn ETD 8 
Alſo, that the meridional differences of latitude, and the differences 


of longitude, to the accounts between the ſame parallels of latitude out- 


wards and homewards, are reſpectively equal to one another: 
Conſequently the truth of the propoſition is maniſeſt. 


9/666 15 BD ROPIO ET TON" EK. 5 
| The diviſions of the meridian Une on the Mercator's chart form a table df 


Ss? 


the differences of longitude anſwering to each minute of latitude on the rhumb 


line making an angle of 4.5 degrees with the meridian. See Fig, 1. Pl. XIE 


Let pv be a rhumb of 45 degrees. + + 7 
Then; (ince'Pq is at right angles to G0. | 
The angle G VS. p, each being half a right angle. 
Conſequently qQy=qQe.' 81 K l I. 104) 


Now Pq is the ſum of all the meridional differences of-latitude be- 
tween the parallels through? and . "= cz) 

And qv is the ſum of all the differenees of longitude between the me- 
ridians through Qand v. f | 

Therefore on a thumb of 45 degrees, the ſam of all the differences 


of longitude is equal to the ſum of all the meridional differences of 


latitule. d ts 4 | 
But the ſum of all the meridional differences of latitude is the ſame as 


the nautical meridian, „ 


Conſequently, on a thumb of 45 degrees the difference of longitude, 
or the ſum of all the intermediate differences of longitude to every 
minute of latitude, is equal, to the correſponding parts of the nautical 
meridian line, E CI a 


20. In the Philoſophical Tranfaftions, Ne 219, Dr. Halley has given 
a very curious paper relating to the diviſion of the nautical meridian, 
by a method quite different from Mr, Wright's; and becauſe it con- 
tains a method of performing the problems of ſailing according to the 
true chart by the help of Briggs's, or the common table of logarithmic 
tangents, without a table of meridional parts; the ſubſtance of that paper 


1 


is here annexed, 


The 
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The Doctor ſays: * It was firſt diſcovered by chance, and, as far 

« as I can learn, firſt publiſhed by Mr. Henry Bond, as an addition to 

« Norwood's epitomy of Navigation about the year 1645, that e 

ac meridian line was analogous 10 2 of logarithmic tangents of half th: 
0 


c complements of the latitude. e difficulty to prove the truth of this 
, propoſition, ſeemed ſuch to Mr. Mercator,” (an ingenious mathe- 
matician then living, and) * the author of the Logarithmotechnia, 
<< that he propoſed to wager a good ſum of money, againſt whoſo would 
ce fairly undertake it, that he ſhould not Fan e either, that it was 
ac true or falſe: And about that time Mr. Jahn Collins holding a cor- 
ce reſpondence with moſt of the eminent mathematicians of the age did 
& excite them to this enquiry. | SEE 


EA. ry 
«© The firſt that demonſtrated the faid analogy was the excellent Mr, 


C James Gregory, in his Exercitationes Geometrice, publiſhed anno 1668, 
6 which he did, not without a long train of conſequences and com- 
« plication of proportions, whereby the evidence of the demonſtration 
8c ig in a great meaſure loſt, and the reader wearied before he attains 
« jt.” The Doctor proceeds, nor hath any one, that I know of, 
c yet diſcovered the rule for computing independently the interval of 
« the meridional parts anſwering to any two given latitudes.” 

The Doctor then gives the demonſtration of the ſaid analogy in 2 
very elegant manner; and draws ſeveral uſeful concluſions. — — as 
he confeſſes himſelf, he is toq conciſe for learners ; and the writers on 
this ſubject have been no laſs ſo. In order therefore to ſet this affair 
in a clear light, and to keep to the Doctor's principles, it was thought 
convenient to diſpoſe of the ſubject in the following manner; butythe 

propoſition may be proved from principles very different from thoſe 
which were uſed by the Doctor. 42 


21. | PROPOSITION X. 


110 the globe, the rhumb lines oblique to the meridians are ſpirals, which 
continually approach the poles. = | | 


DEMONSTRATION. 


In any place on the ſurface of the globe the rhumb running north 
and ſouth, coincides with the meridian of that place; the caſt and welt 
rhumbs are perpendicular to the meridian, and the other rhumbs are 
oblique to it; but this obliquity is the ſame under every meridian; 
therefore all the rhumbs, except the north and ſouth, cut the meridians 
at equal angles. 75 : | 

When right lines are parallel to each other, a right line will cut them 
at equal angles (II. 95.) : But not ſo, when the lines are inclined to one 
another; therefore ſeveral inclining lines cannot be cut at equal angles, 
except by a curve line bending towards the place where thoſe lines would 
meet, | 

Now the meridians on the globe, meeting in the poles, are inclined 
to one another; therefore the oblique rhumbs cutting them at eq 
angles, are curve lines continually approaching the poles, 


22. PR O- 


27 
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22. PROPOSITION XI. 


De ſpiralrhumbs on the globe become proportional ſpirals in the ſterengrapbit 
Ries on the plane of the equator, See Fig. 3. Plate XIII. 


DEMONSTRATION. 


Let carp repreſent part of a ſtereographic projection of the ſphere 
i MW Jon the plane of the equator, where AEB is part of the equator, c the 
; pole, CA, CD, CE, &c. are meridians, and the ſpiral a 4 e f one of 
ue rhumbs. | | 
No in every ſtereographie projection the lines interſecting each 
other form angles equal to the angles on the ſphere which they repre- 


% ſcat. 1 1 2 - (IV. 52) 
R Therefore the projection of the rhumb line Ade cuts the radii or 
- meridians AD, AE, &c. at equal angles. 17 


But this is a property alſo of the proportional ſpiral. (II. 225) 
Therefore the ſpiral rhumbs on the globe become proportional ſpirals 
in this projection. | 1 411 

23. Cor. Hence the differences of longitude Ap, Ax, Ar, &c. are 
logarithms of the ratios of the intercepted parts c d, C e, c V, &c. of the 
@ meridians to the radius CA. „ a hal erate n 00 


= PROPOSITION XII. 


| The meridian line is a ſcale of logarithmic tangents of half the complement 
| of the latitudes beginning from the radius. | ann 


DEMONSTRATION. 


Let the figure CADEB be part of the ſtereographic projection of the 
ſphere on the plane of the equator, as in the laſt propoſition ; and on 
any rhumb let the points A, d, e, /, &c. repreſent certain places on the 

ich globe, of which A is a point in the equator; then wil Dd, E e, rf, &c. 
expreſs their reſpeQive latitudes, and the arcs AD, AE, AF, &c. their 
differences of longitude from the longitude of a; alſo c being the pole, 
the lines c d, Ce, c /, &c. are the projections of the complements of 
their latitudes. ETA > 


1 Now in this projection the lines c d, ce, cf, &c. are equal to the 
15 tangents of half the complements of thoſe latitudes. (IV. 48) 
mh And the differences of longitude AD, AE, AF, &c. are logarithms 


of the ratio of thoſe tangents, or of the lines Cd, ce, c /, &c. to the 
radius ca. | | | 


Alſo the lengthened degrees of the nautical meridian line are the 


lome writers have done, 


25. PR O- 


longitudes of thoſe degrees made on the rhumb of 45 degrees, whether 
expreſſed in minutes, according to the uſual tables, or in degrees, as 


- 


* 
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298. PROPOSITAION XI. 


The logarithmic tangent of half the complement of any latitude in Napeir's 
original ſyſiem, divided by 0,0002908882 Ct. firſt multiplied by the radin; 
of the tables, exhibits in minutes the change in langitude, which will be made od 
the rhumb of 45 degrees from the equator to that latitude; or the lengthened 
degrees in the meridian line from the equator to that latitude, 
„ 05 10 DEWORICRS TION, 0 
The differences of longitude aD, Ak, Ar, &c. being on the rhumb tf 
45%, logarithms to c d, Ce, cf, &c. which begin from the radius, and 
proceed from thence; in like manner as Napeir's logarithmic tangents do 


from his radius: | (II. 229) 


Therefore his logarithmic tangent of half the complement of any lati- 
tude bears to his radius the ratio of the arc of longitude accompanying 


the change of latitude to the radius of that arc, conſequently it is the 
ratio of the number of minutes contained in that arc to the meaſure of 


the radius in minutes. | 7 £4 de 
Hence the logarithm will alſo be to the radius of the table multiplied 
by 0,0002908882 &c. (the arc of one minutes when the radius is unity) 
as the number of minutes in this arc is to the meaſure of the radius 
in OK, multiplied by 0,0002908882 &c. that is, to one minute; 
for the meaſure of the radius in minutes is to one minute, as unity 
to o, ooo 2908882 &. p - $9 41 | 9 
Therefore the number of minutes contained in the longitude, or the 
lengthened degrees in the meridian line, is equal to the logarithm named, 
divided by 0,0002y08882 &c. firſt multiplied by the radius of the table. 
26. Cor. Napeir's radius being 10000c00,- the logarithmic tangent 
will be divided by 2908,882 cke. | 
If the difference between the logarithmic tangents of half the comple- 
ments of any two latitudes, when on the ſame ſide of the equator, of 
their ſum, if one latitude be north and the other ſouth, be divided in the 


+ . ſame manner, the quotient ſhall give the meridional parts for the interval 


between the two latitudes. Bel. 


. PpRO POSITION XIV. 
if in Briggs's logarithms the index, er charocteriſtic alone be conſidered af 


an integer, and all the reſt as an appendage of decimals, the difference betwee! 


the logarithm of the radius, and the logarithmic tangent 2 half the complemert 
of the latitude of any place divided by o, ooo 12633114 &c. gives the minutes 
of the change of longitude in paſſing on the rhumb of 459 to the latitude of that 
place, or the meridional parts correſponding to that latitude, 


24 * DEMONSTRATION. | 
Brigge's logarithms thus interpreted are to Napeir's original Iogarithms, 
as 1 to Napeir's logarithm of 10 (or rather, to his logarithm of the 
ratio between 10 and 1) which is nearly 23025851*, and the ditterences 


AC OY 


* The number uſually ſet down, as Napkir's logarithm of 10, is more pfo- 
erly his logarithm divided by the radius of his trigonometrical table, which 


15 the radix, from which he raiſed his logarithms, 
pamed 


* 


D O 22 


2 


2 2. 


method of failing may be accurately refolved';. and although 
here all contained under the general title of globular failing,” yet as the 
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„ Ki e r ted RS 
named are logarithms of the reſpective tangents to the radius. There- 


ſore-thele divided by 4255515 (=000012633114 Kc.) will produce 
the ſame quotient, as Napeir's Jogarithms aſſigned to the ſame tangents 
(which are the logarithms of the ratio of thoſe tangents to the radius in 
his ſyſtem) divided by 2908, 882: this quotient therefore will be the 
minutes of the change! of ſongitude on à rhumb of 4 5 that is, the 
length of the meridian line. 3 „ 

28. Cor. If the difference from the radius of the logarithmic tangent), 
taken from any table of logarithms of Briggs's' form, be conſidered as 
con6 ſting. wholly of \integers, and divided by 126331 14 Kc. in which 
ſo many figures ſhall be eſteemed integers, as are four ſhort in number 
of the logarithmic tangent taken, the index included, the quotient ſhall 

ive the, meridional parts appertaining to that latitude *® . _. 
© Allo here, if in any logarithmic table of the common form, the diffe- 
rence between the logarithmic tangents of half the complements of an! 
two. latitudes 70 the ſame ſide of the equator, or their ſum if one latitude 
be north and the other ſouth, be conſidered, as an integer number, and 
divided in like manner, the quotient ſhall be the meridional parts for the 


lntetyAl between the'tws latitudes, 
% BE3545 44> : #7 Ws 43134 bbs J . g 


1h ei Sit vow lg 1291 50 0 bug Sir en 2omgs gf ct * 
"SENOLIUWN © 50% 0 4% our, 

pre olich £01 go. q viel esd ul euougacinge ad I. 

29. The numbers in Napeir's table divided by 2908,882 &c. exhis 
biting the change of longitude on a rhumb of 45%, the tangent of which 


4 5» 


bs equal to the radius, the numbers themſelves will expreſs the change in 
longitude on a rhumb, the tangent of which is 2908, 882 &. times ye 


radius, and the angle 8058“ 403 and if the logarithm be divided 

10, 100, or 1000, the angle of the thumb will reſpectively be 8948 

11”, 889 752 or 7191/42”, which is the angle Dr. Halley” has choſen. 
After the ſame manner in Briggs's ſyſtem} the difference of the tangent 

of half the complement of any Jlatituide from the radius divided by 


.©,00012633114 &c. exhibiting the correſponding length of the meridian 


line, ſhould the index of the. logarithm be alone conſidered as an 
integer number, thoſe: differences will be the change of; longitude on a 


thumb, the tangent of which is equal to the radius of any trigonometrical 


canon of Briggs's form multiplied by o, 0001263311428 &c. and the 
angle 0® of 26”. But if one figure be bus met be den integer, 


the tangent of the rbumh will be the radius multiplied by o, oo 263 3 &c. 
tbe angle being o 4” 204“; if two, the angle I be 43254“; if three, 


the angle will be 70 120; and if Four, as Dr 

e pt fr hank 
From the preceding propoſitions all the problems relating to the true 
ouph they are 


alley propoſes, the angle 


* Thus when the tables of logarithms bave eight. places with the index, 
the diviſor wilh be 1263, 3 Sei but when the tables conſilt of 7, or 6 places; 
the diviſor wiſl he 126,33 &c. or 12,033 &.; and ſo o. ws 8 

Vor. II. IN on 
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common cuſtom has been to diſtinguiſh different kinds, in which the 
| Tongitude'is Conſidered ; fo here, in com pliance with fuch cuſtom, it way 
thought proper to retain the vſugh forms, viz parallel failing, midile loti- 
tude ſailing, en d. Mercator's, ſailing, or more ſoperly {hk failing; 


| which are <A aly treared of Soto, | beftions. 
0 i BY: 5 " $EEXION WR e 
1 0, Parallel Sailing, PROS 
3 5900 Seb _ 4414 ; _—_ | 


30. Pat rwes SALINE 25 of fung IR Front 
vun uus aſi or wiſh, is failing on't ind owes þ 1. * 
other platt in airy Parallel of Ha, — 'f Not 10 any tera] 2 

A kind of pilotipg is, N 155 in conducting + 1 1 to ah 
Ha 51 which lies wy 10 M 6 Erick ble dift ef (KA. the main land, or 


oth Fr and $3 and 5 ome other occa 3 
"Fi be method od of x per LV rig whi ich 1 is to 0 hl the 1 paraſlel of ,1 latitude 
the place 3: is in, Keepin ga good iecount, 0 5 92 7 rhether, ja 


the longitude arrived at; and by to run 122 vo „or . 4 5 
a comes near the longitude of the ven, place, where ſhe is ſure to 
make the port require. 

The Fomputztions in parallel filing depend on the e 


5 45 bei 
* 
5 24 19 f. L, i 16 7 
#3 he. 444 $$ wy 2 920 *>} ol E 5 : , 
316 4 Radler, Dorn! wi roar 5 75919 wt * 1. 


To the feine * of, any parallel; .c Gini 0 bi = $ 
T's So is the miles of, longitude botswern any zus meridiant, | bets d. 
; Todbyidyties of: thye uridiens ee 52 0 5 ad 


For the demonſtration, ſee Art. 7. an Yar 
From. the dane propoſition: is alily deduced the; Sd. FEEL 

t i + bRoL E. 10 Hemel 9 2d f 10 
32. At the deu of ans b, tre 5, liess 1028.4, 


© Le the of of au diene; IO 421414 PU) Hadid as 'Y 


Se i given meridional diſiance in the 2 allell, 2. 
To erreſponding meridional Aiſtance in ih ond Fe, 1 n 


25. And de er pportions. 3 
h ie W746, 44-1 a 
: dis bang E Sik 
. CR ET DER ETD 
2070 BIN big 27 2 : 1 $i ind 
= o . » = * 7 
* 12 50 fie 


aha the caſes that can happen i in this. frog! of li e 
. the nee ms, and allo by the following table, calculate! 
for a 2 o Jongitud eof 1 degree, or 6o nautical miles of the 


Equator by 1 . 1 * 
. Kal ul Jo the 65 7151 paſe 3 09; 40s £687 of 
4.885 miles 1 AA 227 15 ee Alert ed 19H 7 * 5 


JN. 


And the like . other tifudes, | 


os 


ieee i 09 


„ os 
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35. F. 


thus. 


| ridional diſtance required. 


| Lat | \ 

1 [59-99 15 $1 hog? 

- : { O 
13 1899. 18 57,0 (2,48 
4669.85 19 11745 

5 507% 20 10, 42 
4 6 89,67 21 9,38 9 

7 659.56 22 8,350 

8 59,42 23 7532 
i 9 59-26 24 6,28 | 
+19} $909 25 8723. 
ir 5s, 89 26 4•18 

12 58,69 27 14 
A 13 58,40 28 2,09 
114 68.22 29 1,05 

15 [57-95] 30 | 0,09] 


me- 
91 


| 5 28.0. «4947 oe Si. 81 04 E 
36. But if u meridional diſtance, intermediate to thoſe in the table, was 
given to find the correſponding degrees and minutes. 
Subtract the given meridional diſtance from the next greater, found in 


+ the table; multiply the remainder by 60 divide the product by the dif- 


ference of the meridional diſtances next greater and leſs than the given 
one; then the quotient being annexed as minutes to the degrees of the 


next greater meridio 


bought. 


Era toche fiſt, 


— — * — 


How many miles an ſiuen 10 a degree 
of long. in the lat. of 48 20 / 0 
Lat. 48%: 401% miles. 


1 


Lat, 49 - 39,36 miles 
2% 14:1) Bahlin ri! $533! i 


The diff. is 6,59, which" multiply 
by 26, gives 20,55; this divided by 
bo gives-0,38 ;'which:taken from 49,15 
leares 39,57, the miles tequired-. 


"OT 
1 


Jo 399 497 is the lat. ſought. 
O 2 


nal diſtance, will give the degrees and minutes 


> 
10 Ex au. to the ſecond rule. |; 
In what lat. da 46,08 miles an 
to one deg; of longitude ?' 
From 46,63. the miles to 599%. © 
Take 46, os, the givea miles. 


5 


Leaves o, 55; whith wultip. by 66, 
gives 33. oo; this divided by 0,67, the 
—p between 39 and 40, gives 497 


37. Case 
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37. CAsR I. Given the latitude 2nd iferenceot . required 
the diſtance. | 


Exan.. A. Hip —— N. fails due till hr 4 erence o 
longitude : 75 384 Aale Tequirtd the di TR He has a * . F 


By ConsTxveTiIoN?. Fig. 4. Pl. XIII. 


| From any point 2, with the r of g0?, taken from the ſcale of 

natural fines, deſcribe: the arc Bq3 draw the chord 20 equal. to 384 
miles taken from a ſcale of equal parts; and draw the radii 2x, PQ. 
From the ſame point p, with à radius equal to the fine of 38 (the 
comp. lat.), taken from the nat. fines deſcribe the ate AB,; and draw 
the chord x R, the meaſure of which is the diftance ſought © 

Here v reprefents the north pole; the arc 20. the * che are 
AB 2 parallel of latitudez the chord Ex is the difference of longitude: 
- chord AB is the meridional diftance fought; A is the place failed from, 

je place arrived z.and | the radii PE, PQ, n the meridians of 

te + fo failed f » an@.arcived "og 


is 


By CourvTh rio N. 


* 
24% 
5 


: As Radius 2 i= "got "RY to, o x by 
'  Tocol, lat. =, 32 NT 4 510; 
So miles long. = 334 | 258433 
e 2.575 | 
| r 292,40 Dns e ab 
By the TABLE. "4a 


Seek the miles to the —. K latitude; multiply ae by the given 
diff. longitude; the quotient divided by 60 will [gre the meridional dif- 
tance ſought. 

Thus. To lat. 329 anſwers 50,88 miles. 

8 . an 3b the e diff. ne 


\ 


20352 ®$ 13643 1 
Gone _ -40704 WW ü 


85 „ bee te ot; : 
00)19537195[525,9335merMfh gi Jonght. 


— 


* + This and the conſtruction of 1 the following caſes de d on the Ortho- 
graphie projection of the circles of the ſphere on the ws of the Aren 
that circle being the primitive, and its center or pole repreſenting the point 
into which the pole of the Earth is projected; conſequently the diſtanee fron 
the pole of any parallel of latitude, muſt be en by eee of 
that — m 15 4 . 
This n is formed by ſuppoſing that an int on the ſurface of a here is pro 
. plane 2 through i its er wy 15 puck through that point 1— ab g Þ the the 


plane; which amounts to, the ſame, 33 i che viſual ray came from an eye at an infigite di 
8 Fig. 2. Pl. xm. perpend. ußh n, 5, he 

. Thus in 1. lines through =, 5, project thoſe points In e, 2, on! 
plane y d p ®: Therefore ſmall circles on that plane are deſcribed with the radii 27, kalt 
| bnes of the * * 7b. 
| 78, Cat 


th 
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38. CASE II. Given the latitude * 1 diſtance, requied 
the difference of We, 


Exam. A ſhip from the latitude 539 36'N. longitude 20? 18K ſails due 
weſt 2 236 miles; required her preſent 8 


By ConsTRUCTION. Tig. 4. Pl. XII. 


From the point v, with the fine of 90%, and the co-ſine of 53 30% 
deſcribe the arcs xa, CD. Draw the chord cp g 236 through c and 
v draw the radii PE, PQ; then the chord EQ being drawn, will be the 


| difference of longitude. 


By CouPUTATION. | 6,0)39,8(6 38. 
As ec, the col. lat. $3? * Re — 
To rx, radius 90 o | 10,00000 | Long. from 10 18. 
So CD, 2 diſt. 13 2.37291 Dif. . s 38. 


1 By the Tan x, | 


Find the meridional diſtance to þ deg. of long. in lat. 5 (35). 
and make it a diviſor to the product of the given metidiona TT by 
bo; then will the quotient be the diff. _ fought. | 

Thus. The diff. merid. diſt. to 53 and 54“, is 0,85 ; which multi- 
plied by 36” and divided by 60”, gives o, 51; this taken from 36,14, 
the merid. diſt. to 53, leaves 35,6 ſor the merid. diſt. to 53? 360: Then 
236 multiplied by 60, and the COONEY a by 3540 give 30797 for 
the diff. long. ſought. 


39. Case III. Given the difference a W and its correſpond- 
ing meridional diſtance; required the parallel of latitude. ' 


Exam. In what latitude do 384 miles of meridional diſtance anſwer 10 500 
miles of diff. longitude 4 


By ConvTrnvcrTiON. The: <£: PE XIn. 


From the point r, with the fine of 905, deſcribe the arc zq; draw the 
chord E = 500, and draw the radii PE, PQ; make c= 384, draw CB 
parallel to EP; then che are 4B being neg with the radius PE, is the 
parallel of lat. ſought. 


By COMPUTATION. , 


s 7y 


As EQ, the diff. long, = coo 7, 30103 

To àB3, merid. diſt. = 384, 2, 58433 o jn the lat. 300 4 

So PE, radius = 90 oO 10,0000} 384 miles of merid. diſt. 
; —— } an{wer' to: 500-miles of 

To ende col lat. 39 49 9.885 36 | gage. G 


By the TAzLE. 


* The gen merid. diſt. 384 being multiplied by 69, and the product 
the given diff. long. 500, gives 46,68, the merid. diſt. to one 
roy 2 — in the la. ought: and by article 36, the latitude will be 


| found to be 390 49/ 


O 3 40. Casg 


j 
' 
N 
| 
! 
} 
: 


ee ce — eo ũ -K 4 
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40. Cas IV. Given the diſtance of two-places ina given parallel of 
latitude; required the diſtance of two other places, under the ſame meri- 
dians with the former, in another given parallel of latitude. 


Exa M. Mow tive ports in the lat. 32 20 N. diſlant 256 miles, two ſhips 
fail direciij north : how far are they diftant from one another, whan they come 
to the lat. 44? V 1 Is 
© "By Consreverion. Fig 6, Fl. XIII. 

- From the point P, with radii-equal to the co-ſines of 327 20', and 
44 30”, deſcribe the arcs as, DE; draw the chard aB=25@, and draw 
APE; then will the chord De be the diſt. ſought. 


f 


By CompuTaATrTIon. 


As PA, the coſ. of lat. from = 32? 20 070731 8 
Jo ro, the coſ. of lat. in =. 44 30 9.85324 
So 4B, the firſt dit. = 256 - 2,40824 
"Ta DE, the preſent diſt, N - =, 216,1 2, 33465 
tos) Mert x19] By % Nuss ion 2 


The merid, diſtauces to 320 20%, and 44 30“, (found by 35) are 50, 
and 428 then the giogy merid. diſtance 256 multiplied by 5 8 
the pro. uct 3 895768 ivided by 50,7 the quotient. 216, is the meridional 
nn com fryer th bind. 
41, Cas V. Given the diſtances between the ſame two meridians in 
different parallels, and alſo the latitude of one parallel, to find the latitude 
Exam. If two ſhips in the lat. 44% 30 N, diſtant. from one anather 516 
miles, ſhould bath fail, directly South until their diſtance i 2.56 mills; 
twhat latitude are they tome to? OO La aa x... 
By Cons TRUCTION. Fig. 7, Pl XIII. | 
From v, with a radius of the coſine o 30%, the lat, ſailed from, 
deſcribe the are DE; draw the chord 222 K Ft QHeR.N' E, 
draw Pa, PB; Continue DE till HF=256.; through x driw EB arallel to 
PA, meeting Ph in B; then an acc deſcribed from Ph ough B and à, 
will be the parallel of latitude come to. 8 
Co uYUTAT ION. "2 x ib dy © 
vn, thedirſt diſt. 2 216 7.6694 


"Ea: AB, the ſecond diſt. = 256 2,40824 .- 
80 yo, the coſ. lat. from - = 44® 300 9.85324 
WL © 1 5 * 9 3 4 0 2 — — r 
To PA, the coſ. lat in — — 32 17 9.02702 
20 ; »w 6 


3 By the «64 * Dus Dn 
7e . ade 36" nds (J. ihe. mer. aid. 42,8 1 this higheb 
256, and the product divi Ct by 216, gives 50,723 iich hy 400 vl 
be found to be the merid. diſt, to 3201 the latitude-foughte © ©, 
42. Ole 


nd 


aw 


o, 
and 
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8 in 
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216 
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42. Otber examples to exerciſe the foregoing caſes. 


Ex. What is the diflance between bt. Mary's in lat. 31% 00'N. long. 259 


Ex. II. A foip from Cape Clear ſails weft 265 miles; what long, is ſve | 
come to? . \ K 5 ane 41 i . f 

As col. lat. 519 187: radius: :merid. diſt. 265 : diff. long. 423,8. 
_ Anſwer. The preſent longitude is 107 $4'W. 
Ex. III. A hip having run due eaft for 3 days, at the rate of 5 Inots an 


hour, finds /ſbe has altered her longitude 8? 16' ; what parallel of latitude did 
He jail in? . : 


As diff. long. 496 : merid. diſt. 360 : : rad, : col. lat. 430287. 


Ex. IV. Suppe e ſhips in the parallel of 47% 54 their difference of 
long. being 9 35's ſhould both ſail direftly ſouth 836 miles 3, how far were 
they from each other when they ſet out, ang alſo after they bad run that diflance? 
As rad. : col. lat. 472.54”: : diff. Iong. 575: firſt merid. diſt. 385, 5m. 
Now 836 1 ; therefore the lat. come to is 33 58. ; 13 

As rad. : coſ. lat. 33 58 : : diff. long. 575: laſt merid. diſt. 476,9m. 


Ex. V. I bat is the 7 lat. between t ibo parallels on different fides of the 
equator when, between the ſame two meridians, the meridional diſtance in the 
northern parallel is AB=238 miles, in the fauthern parallel is cDS 195 
miles, and at the equator is EQ=352 miles? 3 


As diff. long. 352: north. mer, diſt. 238 ;: rad,: coſ. lat. 477 27 N. 
As diff. long. 352 : ſouth. mer. diſt. 195 : : rad. : col. lat, 5600 228. 
Then the ſum of theſe two latitudes, via. 10340“, is the diff. lat. fought, 


In this figure 8, Pl. XIII. v is the north pole, and s is the ſouth pole; 
but the conſtruction on one fide of the equator is ſufficient, as is evident 
by drawing ed parallel to PE, and dc parallel to ar 

Thhe difference of longitude and meridional diſtances may be conſider- 
ed as tangents to their reſpective arcs, as well as chords. (I. 185) 


Among the natural ſcales on the Gunter, are two, which'ufed jointly, 
anſwer the end of the foregoing table; theſe are a ſcale of chords marked 
CH, and a ſcale of longitude marked AL, ſtanding eloſe to one another; 
they-are thus uſed, 5120985 47 enn F 
Find the given latitude on the ſcale of chords, aud right again git, in 
the ſcale of longitude, is the diviſion expreſſing the miles of mer . diſ- 
tance in that lat. to one degree of longitude. SONG, LS 
Thus againſt the chord/60% ſtands 36 miles; the chord 500, ftands 
between 38 and 39 miles: and ſo of the reſt. | 

EA ONT O4 | SECTION 
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SECTION IV. 
Of Middle latitude, and Mercator's * 
of Middle latitude ID Sur 


6. 4 


3. Mipple LATITUDE SAILING if @ manner 'f Alon the ſeveral 
caſes w nne ſailing, by the principles of plane and . failing Jinth. 


This method, which is not quite accurate, is founded on the oy 
ing ſuppoſition. 


* 


44. The departure it val as a Doran Alb in that latitude 


which is a middle . between the latitude . Fr om, and the latitudt 
arrived at. 


Now altho' the arithmetical mean of the coſines of 1 diſtant lati- 
tudes is not the coſine of the arithmetical mean of thoſe latitudes; nei- 
ther is the departure between two places on an oblique rhumb equal to 
the diſtance between their meridians in 'a mean latitude ; 'yet when the 
parallels of thoſe places are near the equator, or not far diſtant from one 
another, in any Jatitude, the error becomes ſo'fmall; as not materrally to 
affect the nautical concluſions drawn from the foregoing fuppoſition. | 

1 C 

This « ſeems to have been invented on account of the eaſy man- 

ner in which the ſeveral cafes may be reſolved by,the Traverſe Table, 


and where a table of meridional parts 4s wanting. The * 
* on n the following rules. 


RU ILE J. 


If the places are on the fame ſide of the equator, add the Hatitade 
alles from to the latitude arrived at, and take half the ſum for the mid. 
dle latitude; but if we are on different fides, 1 their mad is the 
middle laytude. N „ Ine 5 
; = : ""* U LE II. 
46 As * 80 of the middle nerves, th or 

Is to the radius; | 

So is the departure, 

To the Ae of longitude. 


2 . K Ruiz III. 5 
47. ee ee nee | A Ai 


Is to the tangent of the courſe; - T. 
8o is the difference of latitude, - + 83712 | P, 
To the difference of longitude. | „aneh | = . 


The ſecond rule is the ſame * the ern l in parallel allet which 
is demonſitated at art. 7. 


4 


1818188 
E 


C. 


i! ln 


 Demonftrat 


S 8.28 w 
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Demonſtration of; the third rule, | 


Now coſ. mid. lat.: rad. : n diff. long. 2 7 
Therefore rad. xdep. col. mid, lat. x diff, long. - 10 162) 
Alfo diff. Jat.: depart. : : rad. ; tang. courſe. _ II. 20) 
T herefore ind? x dep. —dift. lat. x tang. courſe. (IL 162) 


© Confequently cel. mid. lat. x diff. long. diff. lat. xt, courſe, (U. 46) 
Therefore coſ. mid. lat.: tang, courſe: ; diff. lat. : diff. long, (II. 65 


"From rules II. and III. ariſe the following ih rr 
20.2765 N oy PL 
„ 
Where the letters ſiguiiy the names they ſtand againſt in the rules. 


Of Mercator ſailing. 


48. MeRCATOR's SAILING is the art of reſolving the 1 caſes of : 


Clbuler failing by Plane Trigonometry, with the aſſiſtance of a table of meri- 
dional parts, or of logarithmic tangents. | mow of * eri 


The computations herein are performed by the 3 C1 D 


49. RuLE 1. Therefore 3 boa 
As merid. diff, lat. = . : 1 * 2 op 
To diff. longitude; = 1. r 
S0 is the radius, „ SE T 
To tang. courſe. = To f 5 
co. Kurz. II. 8 Thereſore 
4s the prop. diff. lat. = p, isse 
To a1 1-508 n UE 0 19s 
So mer, diff. lat. We M. 2. „ 3.5m 


To diff. longitude 
| Theſe rules are demonſtrated at at Prop. IV. 


1 RuLENE 1 | Therefore | 
As diff. 1 1 tan J co-lats. => % dn e . 
To tang. o 51. 39.09 ES EEE 
So is a given di long. = = 0 r „ n 
To tang. courſe. => | | 

For the demonſtration of this analogy, ſee Prop. vun. N (20) 


1 The tang, of 2 8 og is 10, 10151; its ar. co. is 9, 89849. ll. 88) 
decimef 2 this - 8 jade be al to 852 28/ «9,858; 8 89 

32 N and to 890 575 — Af being 1r, 12, 13: So that at either 
of theſe angles. ie diff. of lon ide 0 be ſhewn by the diff. of the log. 
tang. of the half co-lats. ſailed from and come unto; obſerving that the num- 
ber of integer — in o becomes one more, for * une at the index is 
rl | 


„ „Man enz at 9171 4 
. * 1 
; Meridadifþ lat. ( %%/%ͤ 1866 
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PROBLEM I. 
52. Given the latitudts'of two places : 5 
Reguired the meridional difference of latitude between thoſe places. 
(Cas I. When both places ace oh one ſide of the, equator, 
(*RyLE I, The difference of the meridional parts anſwering to each 
biste vill give the meridional difference of latitude ane, 0 
Robs II. The difference of the log. tangents of the half co-latitudes 
&vidbd by 12.6 3 will give the meridional difference of latitude required, 
Ex am. I. pat is the meridional difference of latitude between the iſland 
of St. Thomas and Gibralirn?sgs? I 0 r 
By the meridional parts. 
Gibraltar lat. 36 3 N. 
St. Thomas's lat. o0 o 
Merid. parts to 36 13 


Merid. parts io o o 0 
Merid. diff. lat. 


By the log. tangents. 
Co-lat,=53% 47'; 4 corlat. 26 5j 
| Co-lat, =go oo; + co. lat. 4g oo 

Log. tang. 10,00000 to 45 co 


12,63) , 29502(2335 


£8 4242 
|; 555 

Ex AM. H. What is the nur idional difference of Tatitude between the Lizar 
and Cape Hard? | | 

By the meridional parts. By the log. tangents. 
C. Verd's lat. 14% 43 N. _ | Co-lat.=759 / f co-lat. 370 38 
_— lat. 49 $57 N.  _|Co-lat.=40 03; 4co-lat.=20 01 
_ "Merid. parts to 49 43 3470 Log. tang. 9,8870) to 37 38 

Merid. parts to 14 43 893 Log. tang. 9. 56146 to 20 01 

Mer. diff. lat. 2577 12,63) 22665(2978 m. p. 

( | „ . TINY 

33. Cave II. When the given places are on different ſides of the 
equator. bn Nite 


RuLE I. The ſum of the meridional parts anſwering to each latitude 
will be 3 difference of latitude required. 
RuLE II. ſum of the log. co-tangents, abatin 
the half co- latitudes, divided by 12,63, Tal be the ane 

of latitude required. : „ On FE 
Exam. bat is the meridional difference of latitude between Cape Veri. 
and the ifond of Bey eee ate e ee 
By che meridional parts. y the log, tangents. 
Co-jat.==75* 17/4 co-lat. 37.35 


C. 2E 14% 4 N. | 
St. 10 8. [Co- lat. 9 0044, + co-lat.=37 99 


Merid, parts to 16 o 973 Log. cot. o, 11263 to 37 35 

MNMetid paste 14 43 893 Leg- cot. . 12289 10, 37 00 
| 230 11; [08-8 41 58 —— — fo 2. 

m1 12;63)23581(1867=04: 


PROBLE) 


the index, of 
iohal difference 


21 Insane 


, T # ap. £7 
3 FJ : 


C 


Lag. tang. 9, 70498 to 2b 33 


Ul, 


LM 
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PROBLEM IL 
54. Given the lat. of one place, and the merid. . 8 between 40 and 


another place : 


Required the latitude of the other Place. 


Cs I. When the given lat. ol mer. diff. ** hed like names, FA 

RuLE I. To the merid. parts of the given lat. add the given meri- 
dional diff. lat.; ſeek the ſum in the table of meridional, * and the 
correſponding degrees and minutes give the latitude: ſou 777 | 

RuLE II. Multiply the given merid. diff. lat. by 12, ; ſubtract the 
product, rejecting al to the right of the 5th decimal — , from the 
jog. tang. of the: given half eo-lat. ;, ſeek the degrees to the remainder 
among. the logs rang. and theſe : dege doubled give the co-lat. required, 


Ex Au. A.fhip from the lat. 149 4 N. 2 northward tl for finds ber 
ni. aff. i is 25783 n 2 7s fhe come to? 
rn meridiohal | res, L 9720014", By of: tangents ITS 
To the | lat. 14 4 N. N . The corlat. „1% 4 collat;g 7% 48" 
The mer. parts . 903 N. 2 And 2578 molnplicd by 2637 gives 


Add'mer, diff, lar. '= 2578 N. 32660, 14. 1 li 4 

— From 9.88707 log. 19g. 372.38” 
The ſum is = 3471 [Take , 326 N 
which anſwers to 4958“ M. [Leaves 9.56147 log. tang. 20? O1. 
The latitude fought, \ — 


which double is 40%“. 
Whoſe comp. is 49 58 Slat. ſought. 


55. Case II. When the given lat. and meridional diff. lat. have un- 


like names. 


RuLe I. Take the difference between the meridional parts of the 
given latitude and the meridional diff. lat. the remainder found in the 
table of meridional parts, will give the latitude ſought. 

RLE II. Multiply the given meridional diff. lat. by 12, 63; add the 
product to the log, tang: of the given half co-Jatitude, the degrees an- 
ſwering to the ſum, conſidered as a tangent, being Os gives. the 
co-latitude required. 


Exam. A ſhip from he latinude 400 het N. ail ſtuart wil W. me- 
ridional di lat. is 2578 ; what latituds is ſbe come toꝰ 


By meridional er Abl , tangents. SIT 
To the lat. 49% 7 NN. Co. lat. 2 oz ; + co-lat. 20? O1. 
The merid. parts |= 34/0 N. And 2578 * 12,63 32 660, 14. 
pabe. merid. Gif, lat. = 2578 8. | To 9,56146=log. tang. 20? or. 
— Add o, 32 50 8 


: Remain merid. parts „ 8a2;..... — 
2 — Jsum g,88706=lop. le. ey 155 
which anfwert 10 142 42" Now: nm I 
f The latitude come to. Ich doubled is * "gh 16. | 


* | Whoſe comp. is 4 A lat. 


— — * 


= * That is, rejeting ah below the aan bert places in the tables ſe. 
mowed ; PROBLEM 


w 
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PROBLEM m. 


506. Given the latitudes and longitudes of two places: 
Required their bearing and diſtance. eg | 
Exam. What is the courſe and diflance from Cape Clear in Ireland, to 
the iſland of St. Mary, one of the Azores? OO 
CE DOE: a ann : 49 


By MiDDL@PLaTITUDE SAILING. 


C. Clear's lat 6 1 18“ N. 3 Long. 9 f W. 
oth St. Mary's lat. 37 00 N. 5 Long. i 25 OO W. 3 
Diff. lat. © 14 16858 m. 0 Diff. long. 15. 10=g10m, . 


Som of che lat. 88 18; Mid. lat. 445 og Co- mid. lat. 45 517 Sha 
i By Cons TRUCTIO N. q Fig. 9. Plate XIII. 8 
Draw the meridian AD; deſcribe the quadrant Am 2 with the ſine of 
90%, and the arc EF with the co;fne of the middle latitude. Make the 
chord mn equal to 910, the diff, longitude; draw AB cutting the arc 
EF in r, and draw the chord EFH. Make AD equal to 858, the diff. lat. 


draw pc parallel to A p and equal to EF: and draw Ac. 
Then ac is the diſtance, and the angle vac is the courſe. 


91:4 col=r Bo :Geney TATIPHR®:. 0 le 
For the Courſe. * _ | For the Diſtance. 
„// t: ac 
As diff. lat. 858 7.06651] As coſ. cour. = 372 1&' , 9918 
To diff. long. = 910 2.95904] To diff. lat. = 858, 2,93349 
So coſ. m. lat. = 44* c 9585 


— 


To tang . cour.= 37 16 — To diſt. = 1078 3.03267 
b | By the TRAVERSE TABLE, 2 
iſt. With the co- mid. lat. found among the degrees, and the Ciff. 
longitude, or ſome part of it, (if the whole is too large) taken among 
the diſtances, ſind the departure, or ſome part of it, in its column: 
Obſerving to multiply this depart. by the ſame number the diff. lon- 
mem ar | 

2d. With the diff. lat. and dep. together, or their like parts, find the 
courſe among the degrees, and the diſtance. in its column. 

Let the diff. long.'910 be broken into parts; viz. into 100 taken nine 
times, and into 10: And as the co- mid. lat, is 45 617, or 45* 4 ; pro- 
ceed thus. ME IHE | : C20; 

The departures to 100, in the columns of 45% and 469, are 70,7 and 
71,9; the diff. is 1, 2; 3 parts thereof is 1,0; which added to 70,7 
makes 71,7; for the dep. to 100; and for oo it will be 645,3. Alſo, 
the departures to 10 in che columns of 45% and 46, are 7,07 and 7,19; 
5 of their diff, 1,0, and this with 5,07 makes 7,17 the dep. to 10; aud 
the whole dep. 2652, 5. 8 8 


Now take 29 of the diff, lat. 8B S8, and of the dep. 65,2 5, Liz. 42,9 and 
32,62, theſe will be found together under 37 15“ for the courſe; and 


between 


583] 80 rad. = go%o ic, dc 


ne 


1 


he 


rc 
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57 


* 


Lat. 1 Mer. parts 3597 
Lat. 37 oo Mer. parts 2393 


St. Mary's long. 25 oo W. 


Diff. long. 15 10+ Diff. lat. 14 18 Mer. diff. lat. 1204 


| : 5 a * * d. 15 


| Or 858 miles. 


Or g10 miles. ; 


58 4 ef Tink 13443 1M ad 
By Con sr RU oN. Fig. 17. Plate XIII. 

Draw the meridian AB, and deſcribe the quadrant a mp; make -AD 
2858, the proper diff. lat. and ABI 204, the meridional diff. lat.; 
draw DC, BE, parallel to Ap; make Bw equal to 910, the diff. long. 
and draw AE. 1 HD 1 — 

Then A is the place of Cape Clear, c that of St. Mary's; Ac is the 
diſtance, cp the departure, and the angle DAC 1s the courſe, 5 


For the Courſe. 5 ho , For the Diftance. g A 
*, ! . 1 1 1444 43 4 5 7 A Ct 7 ; Ti 1155 
n F $3 3.5 To, (49), "US LECAD LI RE bao 


As mer, d. lat. _ 1204 6,91937 As coſ. cour. _—_ . oz! 0,09813 
To diff. long. = 910 2, 95904 To prop. d. lat. = 858” -'2,93349 


þ 


So rad. =-459 oo“ 10,00000 S0 rad. ' = 9-9 doo 10,0000 
To tan. cour. = 37 os 9,8784 To diſt. =. 1076 3,03162 
\ | J 5 — i | e —— — 


CoMPpUTATION by Logarithmic Tangents x 
C. Clear's lat. 51% 18“ Co- lat. 38 42%, 2 co-lat. © 199 21. 
St. Mary's lat. 37 oo  Co-lat. 53 oo. Xt co-lat. 20 30. 


To ; co-lat. 26 30', its log. tang. .,., = 9,69774 

To 3 co-lat. 19 21, its log. tang. — 9.54552 
: | ; : Difference = 1522, 2 20. 
For ibe Courſe. 1 For the Diſtance. 


4% 1 6,8177 . The diſtance will be the fame as 
To u "he al 51 in the former computation ; for the 
So diff, long. 910 39898 diff. of a min. in the courſe will not 
4 ST, 44 4 of a mile in the diſtance 


To tavg. cour, 379 oa : 9.87814 of the two places. i 


0 | By the TRAVERSE TABLE. 2 

Seek the meridional diff. at. and diff. long. together, as if they were 

diff. lat. and departure, and the courſe is given among the degrees. 
Then with the courſe and proper diff. lat. find the diſtance. 


Thus taking zoth of 1204 and 910, viz. 60,2 and 45,5 ; they will 
be found $27. 5 under 37? oo for the courſe. 4 f | AR 5 a 1 
And taking th of the diff. lat. 8 58, biz. 42,9, and the courſe 37%", 
gives about 5 3, 8 for the diſt. which taken 20 times gives 1096 di 


PROBLEM 


—_— 


158 GLOBULAR SAILING. Book VIII 
PROBLEM IV. 


58. Given the bearing and latitudes of two places: : 
— 1 diſtance and difference of ne. 


" A iis 70 2 6 ber gene from 4 place in v latitude 37 
oo N. longitude 220 fleers ng! 39 19' K., and cloudy weather 


— on, ſhe got-no" —— till eight days after, and then found her ſelf in 
latitude 51% 18“ N. required her true 8 and preſent . 


By Mi DpDIE La Me SAILING. 
Departed lat. 37” o N. FER 880 18˙% 


Preſent lat. * * © 18 . 291 16 E — 
; eh fein er: Kid. lar, Mo 29029 . - 
Diff. lat. 14 184858 m. ASL 7 

— Coats. * 45 5¹ 


* * . — . , 
ex / . 
1 Ws ry 5 4 * — 1 oy * D — — 
y " 3 3 1. ? * 1251 - # k } 5 "$$ » 20 v * 
. 


By CL LIBRE Fig. 10. Place XI, + 
Draw the meridian Ap=8S8. the diff. lat. deſcribe the 8 
Amp; make mc equal to 330 19, the courſe : draw DC har arallel to ap 
meeting, the the rhumb c, drawn through c, in m c : with the fine of the 
mid. — 459 517, deſcribe the arc EF, in which apply the departure 
Dc, from E to F: draw AB through, v, and draw the chord mB. 
- Then is Ac the diſtance run, and m the diff, longitude. * 


12⸗⸗ ae nd - 


+77 By CoMPYTATION. 
5 For the N | Fer the 4 kin. 

ſin. Lc: SAS 1:0 1A 4-0 * 1 . 47 
As coſ. cour. 33 1% o, oy 798 A m. lat. =-44* 09“ o, 1441) 
To diff. lat. 858 2, 93349 To tang. cour. = 315 19 _ 9481776 
So Rd. = NP” o — So diff. lat. = 858 293300 
To giſt. = 1027 3.01147 [To diff, Jong, „ 2 2 


85 | | Now 229 56 W. Dip. =o" 
e e 60)786(13 06. E. = Diff. long. 


B | 9 80 W. = Pref. long. 
5 TEL hana ns; 76! 

ws rt. Wick we Sale atnong the degrees, and the diff, lat. in its pro- 
per column, find the departure and diſtance, in their columns. 

2d. With the co-mid. lat. among the degrees, and the „ in 
its column, find the diff, lo gong: among the diſtayces, 

Thus taking the 20 of diff. Jat.858, viz. 42,9; with it, and the'courſe 

23339 the departure will be found 28,1, and the diſt. 51,3; each being 
5 ied by 20, gives $621 for the departure, and 1026 for the diſtance. 
., The asf; d. lat. 45* $1 4 yt $97 28,1= 2 of the de- 
Parture,' will give 39,5 a the 11. 57 diſtances ; 3 which being mul- 
vplied by 294 Le 790 forthe once > a - 
| 4b 0 1190 $9: By 
f KI BR 4 


it 


e 


"Dera 1 lat. 379 oo Net 
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By Me R CAT ONO SAILING. 


91165 157 50 181 22 re 2393 


bit lt 72 34:38; rut ms. þ.. "Merc ati. OO „ 


N 
Comsraverion, F. 18. Plate XIII. 


Draw a meridian AB, in which take AB 1204, the mer. diff. Jae. 


and aAD=8 58, the, zIFOper 7 Wa Deſeribe the quadrant a mp, and 
take me=339 19, the courſe: t 
to 4 þ, meeting dhe Thumb drawn through & and e, in the _ E, 0. 


rough B and D D, draw BE, De, parallel 


Then is Ac he diſtance, and BE the FAC longitudes. 
| PYTATION by eridianal parts. 5 

Fer J ance, 1 Porte Of, be, 
ſin. DCA ; AB :: R: AC. R P27 : (49) 
As coſ. cour, = 33? 75 0,07798.| As ng 41 * — oo” 0 -c- 
To diff, lat, = 8 8. 2,93349| To tang. cour. =. 33 19 .. 9.81776 
80 rad. 5 © = 90? 00/16,060c0| So m. diff. lat. = 1204" 35,8063 


— 0 
To diſt. = , 7027 - — long. 70 469% 
Ned 2222 f/ W. 4 Dep, long- 2 


There be taken 60) 7 4. —— b wages, © 
18 i Then 9 ———45 W. = = Pref. long. 


— — 
Courvigrio , by Loparithmc e 2H 
Departed lat. oN. Coslat. 53 oo. Z eo-dat. 269 
1 ſent lat. s 2 | EL 6 Co-lat. 38 42: FTeo-lat. 19 TY 


— 


* 
5 * 


51 und 52 in the iftanices, — RS 


"To: * <o-lat. 789 30 A Its . 8. = 978 ——_—— 


| , Dog  co-lat, 19. 10 its log. tung my 9454552 


(i ih 310 0 Di P __ " | 
Por 55 nr e. WE the Ws Lee, 
fin. . be A.: A ;: n; AC, |: OE: (51) 
|, % * . b 9689849 


| 0G 2 ="1522 3.18241 
The diſtance is found as above; | So tang. cour. = 335 197 9,81776 
| 7 To CBI = = 791,8 2,85866 


5/4. bug 232 570% bunol Shoes 51 EN 8 


3 i» (By: e TRAVERSE TA b Fs 


ESO, 


3 
PE 
— 


With the courſe hong the; degrees, and the dir lt. band 5a the 
column of lat. find theUiſtance Tnits/tolumn: 1b ee e 


With the eburſe amemg the degrees, and the mer. dif. in the co- 

lumn of lat. find the crreſpandiog-depitghd take it for whp diff. longs 
Now zoth of 858, the diff. — and of 1204; the mer. diff. dat. are 
42, bnd 60, 2. "Then, under 35 — 44> the diff. lat) , falls between 
1; which mibkip d by acfgives 


1030 for the diſtance. ENS $43 i e Fi 11g! 
And under 339 157, the wer. Aiff. haet falle againſt 3048 of, depar- 
dure, which multiplied by 20 gives 789,6 for the diff. longitude. 


PROBLEM 
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PROBLEM V. 


60. Given one latitude, courſe and diſtance: 
Required the other latitude and diff. longitude. 


rar, A foip takes ber depart departure from a lace in lat. 51 187 N. Im 
® 50 W.; and fleers S. 3 141.5 980 W. till ſhe I run Tout: miles: We 
er preſent latitude and li at 


= B us rr Larirupz SsixIx e. 


by Cons TxveTION. Fig. 11. Plate X18. 


Draw. a meridian a»; and deſcribe the quadrant A mp ; make the arc 
me=33* O8, the courſe : in the: rbumb drawn through c, take ac= 
2024, the diſtance : aw CD parallel to A , — AD in D. 


By See 8 0 


F TT 1 N «a N 9 18“ N. = Dep. lat. 
wy AC :: : e 17 8. =D lat, | 
+ 90 2 10 — * 
Jo diſt. = 2 3.01030 — eee 37 o1 N. = = Pre. pe” 
So col. cour. = 33? 8” 9,9229 s. 
— 88 19 en. 


To diff. lat. = = 857; -— 2293323 
; — — 44 09 = Mid. lat, 
For the af. longitude - — 
As G 2 * 22 e Abr 5: „ & . 0g lat. 
4 a=! 5 , 
| — my EM 44* * 97510 ' Then f in the arc EF, deſcribed 
"So diff. lat. 11758 2.93323 ich the fin. co-mid. lat. 45 510 
— lapply cD from E tor: through r 
To diff. my = 780.1 _anyony draw AB cutting the arc m ep in 3; 
en, an being drawn, will be the 
Now _ 9 50 W. = BE long. diff. long. buche. — 
69) lo (1 e W. = Di Tong. a: 1 h 


33..50 W. = : Pref, aol | | 


— — — — 
« * „* = 
* 


3 the 8 88 | 


Wich hs mk found — che degrees, and the diftance in is 
column, find the dep. and diff. ; ad hence find the other lat. 
Seck the co+mid. lat; among the degrees, and the dep. in its column, 
then the correſponding diſt. is the diff. long ſought. 
Thus. Under the coourſe 33015 — againſt the dit. 51,2 which 
in the 20th-part. of 1024, ſtands lat 4% — Pan 16 
| Then 42,7 1 ae Is 14 che diff, lr. 3 
1 the preſ. lat. is 37% O N.; and the co: mid. lat. 35 4% 
Ain. Over the degrees, -45? 40, the n _—_ 2 be 
gainſt 39 in the diſtances, | 
1 Then ter vhs a e e141 64 b 
| gi 115 2 "op 15 


= 
vw 


a 1 5 


- * 5 
* . 
wy, 
4 
af tc 


F WE 


g. 
ed 


rc 
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By MerxcaToR's SAILING. 
61. Cox s TRUcTIOR. Fig. 19. Plate XIII. 

Draw the meridian. AB, deſcribe the quadrant Amp; make the arc 
mc=339 08', the courſe. In the rhumb ac drawn through c, take 
AC=1024 miles, the diſt. ; and draw CD parallel to Ap. 

| ComeUuTATIoN' by Meridional Parts. 
Far the diff. latitude. Now $51218'N. 

As rad. : AC:: ſin. C: Ap. 60) 857 (14 178. 
As rad. go oo” 10, ooooo 
To diſt. 1924 3˙01030 37 orN, 

9 - 0 8 0 ( : 
3 858 | 4 3 To v2? 18/ merid. parts = 3597 
To pio. diff. lat. 857,8 293323] Jo 37 01 merid. parts = 


For the diff. longitude. 8 Merid. diff. lat. = 1203 
% 12 -M + 46 
As rad. = go9%oc' 10,00000 | | 
To tang. cour, = _ o8 9.81473 Make aB=1203; through B draw 


So mer. d. lat. 120 ,08026| BE parallel to ap, meeting AC con- 
l . — tinued in E; then BER is the diff. 
To diff. long. = 785, 2, 89499 longitude. 


IH 
8 
= 

— 


l 
a] 
2 
®' 
— 
= 
» 


Now 9 go W. = Dep. lat. 
60078 5013 o W. = Diff. long. 


21 £6 W. = Pref long. 
CoMPUTATION by Logarithmic Tangents. 
The diff. lat. and preſent lat. being ſound as above. | 
Dep. late. 317918“... la. 989 42). - felt, -ngf 21% 
Preſ. lat. 37 Ol. Co-lat, 52 59. Feo-lat. 26 294. 


To f co-lat. 269 29,', its log. tang. =". 0,607c8* 

To + co-lat. 19 21, its log. tang. . 9.54552 

; Difference = 4520.6=0 

As NM: G :: T : L. ] Now 9* go W. — Dep. long. 
As u = 9.89849 6907860613 W. = Diff. long. 
To 6 — 125 3.18213 — 
So tang, cour. = 33908“ 9.81473 22 66 W. Peſe long. 
To diff. long. = 785, 9 2, 9535 3 7 


| By the TRAVERSERER TABLE. 

With the courſe and diſtance, find the diff. latitude. 

From thence find the preſent lat. and the mer. diff. latitude. 

With the courſe, and the mer. diff. lat; taken in the column of Lat. 
End the correſponding dep: which will be the diff. longitade. 

Thus 28 th of the diſt. 1024 is 51, 2. Then underithe courſe 3 3918", 
againſt 51,2among the diſtances, ſtands 42,7incot. of Lat. And 42,7 x 20 
gives B54 ; ſo the diff. lat. is 14 147; the preſent lat. is 37% 0 N. and 
the mer. diff, lat. is 1200; th. of which is 60,0; + .. + MOLE. 

To the courſe 339 15”, againſt lat. 60,0, or its neareſt 60,21, ſands 
39-48 ; which multiplied by 20 gives 789,6 for the diff, long. required. 

Vol, II. | e | 7 
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162 Book VIII. 
PROBLEM VI. : 
62. Giren the latitudes of two places, and their diſtance : 


Required their bearing, and difference of longitude. 
Exam. A ſhip in lat. 51187, long. 22*06'IV., is bound to a place in the 
SE. quarter, diſtant 1024 miles, and in lat. 37% N. : what is ber dire 
courſe, and how much muſt ſhe alter her long. to arrive at the deſired port? 


By MiIp DIEZ LaTtiTupEt SAILING. 


| ; Co- middle latitude 


Lat. from 51918 N. | Sum of the latitudes 88 18/ 
Lat. to 37 coN. . | | — 
| Middle latitude 44 09 

Diff. lat. 14 18 = 858 miles. — 


45 51 


* 


By CONSTRUCTION. Fig. 12. Plate XIII. 

Draw the meridian AD=858 miles; deſcribe the quadrant A mp. 
from 4, with 1024 miles, the given diſtance, cut Dc, drawn parallel to 
Ap, in c; draw Ac. In the arc Er, deſcribed with the fine of 45® 51 
the co-middle lat., apply the departure Dc from E to r; through F draw 
AB, and draw the chord Bm. 

Then the courſe is meaſured by the arc mc; and the diff. long. by the 
line m B. | | 

By Coup ur ATI ON. 
For the courſe. | 


AC : rad. : 


Ass diſt. 
To rad. 
So diff. lat. 


To coſ. br: 


.* 
X 
[] [| ll * 


AD : ſin. Z c. 
1024 _ 6,98970 
goꝰ ooꝰ 10, coooo 


858 2,93349 
33˙05 9, 92319 


Courſe SE. b. S. nearly. 


By the TRAVERSE T 


{ 


8 
As coſ. m. lat. 
To tang. cour. 
So diff. lat, 


To diff. long. 


Now 22%06/W. 
60) 779 (12 59 E. 


9 OW. 


— öä—ͤ—ͤ—ͤ— 


ABLE. 


With the diſtance and diff, lat. in their columns, 
among the degrees, and the dep. in its column. 

With the co-middle lat. among the degrees, and the dep. in its co- 
lumn, find the diff. long. among the diftances. 


Thus. To the diſt. 640 


16 


— 1024 


the courſe is 330 oo and the dep. 34, 86 


For the aiff. longitude. 


3... 
44? Og 0,14417 


33 © 581390 
938 39 


5 
779 


2,93349 


2,891c6 
Long. from, 
Diff. long. 


=> Preſ. long. 
find the coutſe 


), and the lar. 33.62 (85 


The co-mid. lat. 46? (the neareſt to 4551), the dep. 34, 86 (falling 
between 34,53 and 35,24, belonging to the diſtance 48 and 49), gives 
48, 5 in the col. of diſtances; which mult. by 16 gives 776 for the diff. 
long. Tot 

| Note. xth of the numbers was taken rather than ;*;th, becauſe 16 di- 
vides 1024 without a fraction; and it is more convenient to ſeek a diſt. 
in whole numbers, than with a fraction annexed. > 5 

5 63. 57 


- 
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63. By MzRcATOR'Ss SAILING. 
Lat. from $519 18'N, Mer. parts = 3597 
Lat. to 37 oo N. Mer. parts = 2393 
| \ CCA TCR EN Fix 20. Plate XIII. 


In the meridian As, take AB=1204, the meridional diff. Jat, and 
aD=858, the proper diff, lat.: deſcribe the quadrant Amp; from a, 
with the diſtance 1024, cut DC, drawn daniel to A p, in c; draw Ac, 
and continue it until it meets BE, drawn parallel to A p in E. 

Then BE diff. long. and arc mc meaſures the courſe. 


Co u PUTATION by Meridional Parts. 


For the _— For the diff. longitude. 
15 xc * 15 A . 4 Aen. . M 1. 
to As diſt. = we. 6,98970 | As rad. = 90 oof 10,000c0 
js o rad. = 90 oO 10499900 | Totang,gour.= 33 05 9,81390 
* So p. diff. lat. = 858 2.93349 80 m. diff. lat. 1204 — 3,0806z 
0 , * 6 F — 
ic To coſ. cour. = 3305“  9,92319 | To diff. long. = 784,4 2589453 
. 3-4 rn 
| Now 229 06'W, = Long from, 
Courſe SE. by S. nearly. 60) 784 (13. 04 E. Diff. long. 
$ | 9 oa W. = Long. to. 
6 Co MUT AT ION by Logarithmic Tangents. 
nb Depart, lat 5118“. Co-lat, 38% 42, L co lat. 19 217. 
0 Lat. bound to 37 ©o. Co-lat. 53 oo. 2 co. lat. 26 30. 
— To T co- lat 26 30), its log. tang. 969774 SY 
. To x c0- lat. 19 21. its log. tang. 9.8652 
Difference ' =" 152, 2 Qu 
For the courſe. > the diff. longitude. 
AC': rad. :: AD 3; 1,4 ACD, c 6 
ſe 3 As N = 9,89849 
7 ˙» n : 
0 Courſe is S. 33 05 E. as above. So tavg. cour. = 33" og” 9.81390 
| | | | To diff. longs = 784.9 2,89480 


By the Thavansz TABLE. 


With the diſtance and dif. lat. in their columns, find the courſe 
18 among the degrees. 

With the courſe among: the de ;. and the meridional diff. lat. in 
the column of latitude, find the diff. lon. 1 n the. column of departure. 5 
i The courſe, found as before, is 339 0 . 
5 And 2th of the meridional diff. lat. viz. 60, 2 found under 339, in 
| the column of latitude, the neareſt correſponding departure js 39,21 3 
py which multiplied by 20 gives TP for the diff. longitude, 6 
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PROBLEM VI. 


64. Given the latitudes of two places, and the departure: 
Required the courſe, diſtance, and difference of longitude. 
ExAM. A ſhip from the latitude 37 OM, longitude 489 20˙ V., fails 
betroren the N. and E., and being come to the latitude 5 118 N., finds ſhe has 
made 564 miles of departure: what was her direct courſe, diſtance run, and 
| Preſent longitude? | | 1 
9 By MIDDLE LATITVD E SAIIING. 
Preſent lat. . | 


512 18˙N. Sum of the latitudes $892 18' 
Departed lat. 37 oN — 

— — : Mid. lat. og 

. : : 4+ 09 

Diff. lat. 14 18 2858 is y . — 

6 — / Co- mid. lat. 45 58 


By Cons TRUCTION, Fig. 13. Plate XIII. 

In a meridian line, taxe Ap 858 m., the diff. lat. Deſcribe the qua- 
drant A m p, and parallel to a p draw Doc g 54m. the departure; alſo 
draw the diſtance AC; in the arc EF, deſcribed with the fine of the co- 
mid. lat. 459 51”, apply the chord z equal to De; through F draw as: 
then the chord m will be the diff, long, and the arc mc meaſures the 
courſe. | | | 

= EE By COMPUTATION. 


To find the courſe. To find the diſlance. 
AD : DC : ; rad. : tz DAC. Sin. DAC ; DC :: rad. : Ac. 
As diff lat. = 38868 7,0665 1 | As fin. cour. = 33 19 o, 20022 
To depart. =. 564 2,75328 |. To depart. 504 - 2,75128 
So rad. = $O® oo” 10,00000 | So rad. = $9? o 10,00000 
To tang. cour. = 33 19 9,81779 | To diſt. = 1027 3.01150 


Pg 


To find the diff. longitude. 


Ar 6s %%%; 2X: 
As coſ. m. lat. = 14 og , 14417 Now 489 2 -W. = Dep. long. 
To rad. = yo o 1c,0c000 | 60) 786 (13 ob E. = Diff. long. 
80 depart. =F04 2,75128 — —— 

TELE $531 . _ 35 14 W. = Pref. long. 
To diff, long. 786 2, | 7 
— n ; — | Courſe NE. b. N. nearly. 


By the TRAVERSE TABLE. 
The dif. lat. and departure being found together, will give 


the courſe 
among the degrees, and the diſtance in its column. e 
With the co · mid. lat. among the degrees, and the departure in its 
cdlumn, find the diff. longitude among the diſtances. N 
Now 5th of 858, the diff. lat., and of 564, the dep., are 42,9 and 
28.2. The neareſt numbers to theſe are found together under the courſe 
33² 3 and ta the diſtance 512; which multiplied by 20, gives 1024. 
Also the departure 28,2 being ſound to the co-mid. latitude 469, gives 
39,23 Fee by 20 gives 784 for the diff. 2 , 
FL | | yn oO] 
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65. B MER cATOR'S SAILING. 
Preſent lat. 51 18'N, Mer. parts 2597 
Departed lat. 37 ooN. Mer. parts 2393 
Diff. lat. 14 18=858 m. Mer. diff. lat 1204 


— — — \ — — 


By Cons TRUCTION., Fig. 21. Plate XIII. 


In a meridian line take AB=1204 m., the meridional diff. lat.z and 
ad=858m., the prop. diff. lat. Deſcribe the quadrant a mp; through 
D draw DC parallel to A p, and make Dc=564 m., the dep. Through 
c, draw AE meeting BE, drawn parallel to ap. | 

Then is Ac the diſtance, BE the diff. longitude; and the arc m c mea-, 


ſures the courſe. | 5 4 
ComPuTATION by Meridianal Parts, 
For the courſe. | For the diflance. 

, ap: DC : : rad. : t/DAC. Sin. C DAC: DC : rad. : AC. 
As diff. lat, = 858 7,06651 | As fin. cour. = 4332 197 0,26022 
; To depart. 6 2,75 128 | To depart, = 564 2,7 5128. 
: So rad, = o oo! 10,00000 f. So rad. = go? oo” 10, oo 
e To tang. cour. = 33 19 981779 To diſt. * 1827 3,01 150 


For the diff. long. : D:: M: I. Or R: T:: M: 1. 


As prop. diff. lat. = 858 7, 06651 Now 48 20 W. = Dep. long. 
i To depart. = 564 2.75128 60) 791 (13 11 E. = Diff. long. 
22 So mer, diff. lat. = 12c4 3, 8063 —— 
28 | ——— 35 og W. — Preſ. long, 
00 To diff. long. = 791,5 2,89842 | — : 
_ | —-—— | Courſe NE. b. N. nearly. 
* Co My U TAT ION by Legarithmic Tangents. 
Departed lat. 37% dh. Co- lat. 53% co lat. 26 30. 
Preſent lat. 561 18N. Co-lat. 38 42. 2 co-lat. 19 21. 
Io: co- lat. 269 3&/, its log. tang. = 9,09774 8 
8 · To ; co-lat. 19 21, its log. tang, = 9754552 
Ig. 3 
: Difference ==> I5$34;FD= a 
ng. ani. 
For the diff. lengitude. 
Thecourſe and diſtance are found F 
a5 above. | | As = 9.89849 
; To o = 1522 3,1824r. 
irſe So tang. cour. = 33 19 9.81776 
z To diff. long, 791,9 2.89865 
pe By the TRAVERSE TABL x. | 
"*q The courſe, found as before, is 33? 30“; under which, againſt 60,2 
56h (= 2; of the mer. diff. lat.) in the column of latitude, ſtands 39-74 in, 
; the column of departure. Then 39,74 x 20=794,8, the diff. longitude, 
By P 3 PRO, 
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PROBLEM VIII. 


| 66. Given one latitude, the courſe and departure: 
Required the other latitude, diſtance, and diff. longitude. 


Exam. A ſhip from the latitude 519 18 N., longitude 9® 50 W., ſails 
S. 33? 19/7. until her departure is 564 miles; required her preſent latitude, 
longitude and diflance, - ; : 

By MIDDLE LaTiTUusE SAILING. 


ConsSTRUCTION. Fig. 14. Plate XIII. 
Draw a meridian line Ap; deſcribe the quadrant Am p; make. A 
564, the departure, and the are mc=33® 197, the courſe ; through c draw 
the rhumb Ac meeting ac, drawn parallel to AD, in c; and draw co 
parallel to Ap. | ; 
By ComPUTATION. 


For the diff. latitude. | Now 51 18'N. = Dep. lat. 
Sin. Z.DAC : CD : : fin. acd : ap. 60)858 014 18 8. Diff, lat. 


As fin. cour. = 3319“ 0. 26022 
To depart. = 564 4.7512 37 oo N. = Preſent lat. 
So col, Tour. = 33* 19% 992202 — 
: 88 18 = Sumofthelat, 
To diff. lat. = 858 2,93352 | —— | 
— 44 09g = Middle lat. 


45-51 = Co- m. lat. 


4 


Then in the arc EF, deſcribed with the fine of 45% 51/, apply c ſrom 
E to F; through F draw AB; and draw the diff. Wagitude Bm. 


To find the diflance. © | To find the diff. longitude, 
1 


ee: Ted. :'AG  } We md. : x: 5 
As fin. courſe = 3319 o, 26022 | As coſ. mid. lat. 44 og o, 14417 


To departure = 564 2,75128 | Torad. SO oo 10,00000 
So rad. = 9g0® 09” 10,00000 | So departure 564 2, 75128 


—— —-¼— — 


To diſtance = 1027 3, 01150 | To diff. long, 2786 2,9545 
Now 9 go W. = Dep. << 
60)786(13 06 W. Diff. long. 


22 56 W.=Preſent long, 


By the TRA VERSE TABL E. 


Wich the courſe 33 15” (the neareſt to 3319) and the departure 
28,2 ( eth of 564) in its column, find the diff. of lat. (42,53) in the co- 
lumn of latitude, and in the column of diſtance find the diſtance 51,2. 
Then 42, 53 * 20 850, 6; and 51, 2 * 20 1024. 
Hence the preſent lat. is 37 07'N., and the co- mid. lat. 4548“. 
The co mid. lat. 45 40 and departure 28, 2 gives 30, 2 in the column 
of diſtances, which multiplied by 20 gives 784, ſor the diff. of longitude. 
| | 5 1 | 67. Þy 
/ 


"6. 7 HL. WS. 


Pi. | wm „ 
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67. By MERCATOR's SAILING, 
By Cons TRUCTION. Fig. 22. Plate XIII. 

Draw a meridian line AR; deſcribe the quadrant ampz make aa 
=564, and the arc mc=33® 19'; draw ac parallel to AB meeting the 
thumb Ac, drawn through c, in c; and draw the departure CD parallel 
O Ap. | | 
CE ComPpUTATION by Jeridional Parts, 


For the diff. latitude. Now 512 18/N., = Dep. lat. 
Sin. DAG: CD ;;: fin. 4Dca : ap. | 60) 858 (14 18S. = Diff, lat. 
As ſin, cour. = 339 19 o. 26022 37 OO N. = Pre. lat. 
To depart. = 56 2,75128 To 51187“ merid. parts = 8 
80 coſ. ert = 535 19“ 9.92202 To 37 oo merid. parts RS 
To diff, lat, = 858 2.93352 | Merid. diff, lat. = 1204 


Then make aB=1204; draw BE parallel to a p, meeting, Ac con- 
tinued, in E; and BE is the diff. of longitude. 


To find the diſtance. | To find the diff. longitude. 

As fing die de:; raid. 1% ef EEE D435 4-3 
As fin, cour, = 33* 19g” o, 26022 | As p. diff, lat. = 858 7, 0065 
To depart. = 564 2,75128 | To depart, = 564 2,75128 
$0 rad. = 9 o 10,000009 | So mer, diff, lat. 1204 3,08c63 
To diſtancc = 1027 3-011;50 | To diff. long. = 791,4 2,89842 


Now 9e go W. = Dep. long. 
60) 791 (13 11 W. = Diff. long. 


23 01 W, = Pref, long. 


CoMPUTATION by Logarithmic Tangents. 
Find the diff. latitude and preſent latitude as above. 
Then, Dep. lat. 51* 18“. Co-lat, 38427. co-lat. 199 217, 
Pref. lat. 37 oo. Co lat. 53 oo. L co-lat. 26 20. 
To Z co- lat. 262? 30”, us log. tang. is = 9,09774 
To + co-lat. 19 21, its log, tang. is = 9g,54552 


Difference = 1522, 2 = 0. 


To find the diff. longitude. 2035 ꝛm 
As N = 9, 89849 
To 6 == ' {22 3,18241 : | . 
So tang. cour. 3319“ 9.81776 The diſtance and preſent longi- 
| — — | tude may be found as above. 
To diff. long. = 791,8 2,89866 | 


By the TRA VERSE TABL x. 
Find, as before, the diff. lat. 85 1; and the diſtance 1024. 
Then the preſent lat. is 37% 07 N.; and the mer. diff. lat. is 11973 
2th of which is 59,85. | 85 
Now under the courſe 33915, and againſt 60,21, the neareſt to 
59,85 in the column of latitude, ſtands in the column of dep. 39,48; 


which multiplied by 20, gives 789.6 for the diff. longitude. 


Fs PROBLEM 
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| PROBLEM IX. 


68. Given one latitude, the diſtance and departure: 
| Required the other latitude, courſe, and diff. longitude. 


Exam. A ſhip from the latitude 37 00'N., longitude 99 o., having 


failed between the N. and W. 1027 miles, reckons ſhe has made 564 miles of 


departure ; what was her direct courſe, and the preſent latitude and long itude? 
By By MID DLZ LATITUDE SAILING. 


By ConsTRUCTION. Fig. 15. Plate XIII. 


Draw the meridian line AD; deſcribe the quadrant Am p; make 4 4 
=564m.; from A, with 1029, the diſtance, cut ac, drawn parallel to 
AD, in c; draw Ac, and draw the departure CD parallel to ap. 


By ComPUTATION. 


Ta find the courſe. To find the diff. latitude. 
Ac: rad. : : cp: ſin. L DAC. | Rad.: ac :: ſin. Dca : ap. 
As diſt, =; 2027 6.98843 | As rad. = 90? oo“ 10,00000 
To rad. = go oo 10,00000 | To dift. = 1027 3.01157 
So depart. = 564 2,751:8 | So col. cour. = 33% 197“ 9,92202 
To fin. covr. = 33? 19“ 9.73971 To diff. lat, = 858,2 2,933;9 
Now 372 oN. = Dep. lat. Sum of the latitudes - 88 18' 
Mid. lat. 44 09 
51 18 N. = Prel. lat. — 
-— Co-mid. lat, 45 51 


Then deſcribe the arc ær with the fine of 45% 517, and therein apply 
CD from e to y; through r draw AB; and draw the diff. long. Bm. 


To find the diff. longitude. er $7 3514: »::3: b. 
As coſ. m. lat. = 44* 097 0,14417 Now 9g*o2W. . = Dep. long. 
To tang. cour, = 33 19 981776 | 60) 786 (13 6 W. = Diff long. 
So diff. lat. 358,2 2,93359 ; | 


To diff. long. == 786,2 2,89552 


Courſe is NW. b. N. nearly. 


By the TRA VERSE TABL E. 


Now apth of the diſtance is 51, 35, and of the departure 28,2. 
Find under what courſe, among the degrees, 28, 2 ſtand in the depat- 
ture column againſt 51,35 in the column of diſtances; which will be 
under 33 30 and againſt 42,8 in the diff. of lat. column. 
Then 42,8 x 20=856: hence the preſent latitude is 5 1 16 N.; and 
the co- middle latitude is 459 5 2. | * 
With the neareſt co-middle latitude (46) and the departure 28, 2 
find 39,2 the diff. longitude, among the diſtances, - e n 


I ben 39,2 x 20 784, for the diff, longitude. 


69. By 


22 08 W. = Pref, long. 


JJC 
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69. By MER CATOR's SAILING, 


By CONSTRUCTION. Fig. 23. Plate XIII. 


Draw a meridian AB; deſcribe a quadrant Amp; make Aa=564; 
draw a C parallel to AB; from A with 1027, the diſtance, cut à c in c; 
draw the departure CD parallel to A p, and draw the diſtance Ac. 

ComPUTATION by Meridional Ports. 
To find the courſe. | To find the diff. latitude. 
AC : rad. : CD : fin. D Ac. Rad.: ac :: ſin. Z DCA: ap. 


As diſt. 2 1027 6.98843 | As rad. = go? oo 10,00000 
To rad. = go? oo” 10,00000 | Todift. = 1027 3.01157 
80 depart. == 554 2,75 128 So coſ. cour. = 3319“ 9,92 202 


—ů—3—3—ů——ů—— 


| To fin. cour. = 33 19 9.73971 To diff. lat. = 859,2 2, 93359 


Now 370 o N. = Dep. lat. To 515 187, the mer. parts 3598 
60)858(14 18 N. = Diff. lat. To 37 oo, the mer. parts = 2394 
\ 


51 18 N. = Prel. lat. Mer. diff. lat. 1204 


Then make AB 1204; continue AC till it meets BE, drawn parallel 
to Ap; and BE is the diff. longitude. 


To find the diff. longitude. „ ED oo © 
As rad, = 902? 00” 10,00000 Now g W. = Long. from, 


To tang. cour. = 33 19 9,81776 | 60)791(13 11 W. 


= Diff. long. 
So m. diff. lat. = 1204 3,08003 X 


a 22 13 W. = Pref. long, 

To diff, long. = 791, 2,8 — ̃ 

N 95 ? — Courſe NW. b. N. nearly. 

CoMPUTATION by Logarithmic Tangents. 

Find the courſe and preſent latitude as above. 

Then, Dep. lat. 37*0o'N. Co-lat. 53% 0o'. co-lat. 260 307. 
Pref. lat. 51 18 N. Co-Jat. 28 42. + co-lat, 19 21. 

10 + co-lat, 20“ 30%, its log. tavg. =  9,69774 

To; co-lat. 19 21, its log. tang. „„ 


Difference = 152373 = 0. 
To find the diff. longitude. „ „ AS 
As N * 9, 89849 
To 2 1% 79 


$0 tang. cour. 33* 19 9,81776 The preſent longitude may be 


3 found as above. 
To diff. long. = 791,8 2.89866 f 


By the TRAVERSE TABLE. | 

Find, as before, by proportioning ſor the parts, the diff. Iat.=856, 
and the one N. 339 30'W, 5 1. 271018 5: Ne 
Hence the preſent lat. is $19 16'/N, ; and the mer. diff. lat. = 
zcth of which is 60. a . os _ 

Then in the column of latitudes, under 339 30”, find 60,04, the 
nearelt to 60; againſt which, in the departure, ſtands 39,743 which 
multiplied by 20, gives 79428. for the diff. of longitude, -: 
; | PROBLEM 
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70. PROBLEM X. 
Given one latitude, departure and diff. longitude: 

Required the other latitude, courſe, and diſtance. a 
Ex Au. A ſbip from the latitude 5 1 18“ N., longitude 22% 06“ N., 
having failed between the S. and E. for ſeveral days, recbens fhe has mai; 
564 miles of departure, and 786 miles of longitude : what is the lat. and 
long. of the place arrived at, and alſo her direct courſe and diſtance ? 

This Problem cannot be reſolved by Mercator's failing. 
By MIDDLE LATITUDE SAILING. 
By Cons TRUCTION. Fig. 16. Plate XIII. 
Draw a meridian Ap; deſcribe the quadrant Amp; in the arc mþ 
PP!) the chord m B=786, the diff. long. ; draw AB; make ma=564; 
raw a F parallel to Am, and with the radius ax deſcribe the arc br; 
and draw the*chord FF. 
Then is EF the departure, and Ax the fine of the co-mid. lat. 
By COMPUTATION. 


To find the co- mid. latitude. Now Co-mid. lat. = 45517 
mm. . Middle lat. 44 09 
As diff. long. = 786 7, 10458] Sum of the lats, 88 18 
To depart. = 564 2,75128 Depart. lat. 51 18 
So rad. = 909 oc! 10,0c009| 3 — 
| Pre ſent lat. 37 oo 
To col. m. lat. = 449% 9“ 9.85586 —— 
1 Diff. lat. 14 18=8;8n, 


Make Ap 858; draw DC parallel to ap, and equal to EF; then ac 
being drawn, will be the diſtance ; and £DaAC the courſe. 


To find the courſe, To find the diſlance. 
n Sin. D Ac: DC : :: rad. : AC. 
As diff. lat. = 858 7,0665 1 As fin. cour. = 33 19“ o, 26027 
To diff. long. = 786 2,8942 To depart. = 564 255128 


So col. m. lat. = 45%j1“ 9,85583 So rad. = $09 oo“ 10,95000 


To tang. cour, = 33 19 9,81776| To diſt. 
Now 229 GW. = Dep. long. 


3,91150 


— — 


= 1027 


Go) 785 (13 06 E. = Diff. long. 


The coprſe is SE. b. S. nearly. 
Diſtance 1027 miles. 
Preſent lat. 37 oo' N. 


9 oo W. = Pref. long. | 


—— 


the depart. anſwering to the diſt, 39-33 
£45* 50, the preſent lat. is 37 027 N.; the diff. lat. 


on 


þ 
1 
8 
I 
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PROBLEM KI. 


71. Given one latitude, courſe, and difference of longitude: 
Required the other latitude and diſtance. 


Ex AM. A ſhip from the wat. 37 oo' M, longitude 220 56 W., runs 
on a courſe N. 330 19“ E. until ſbe finds her difference of longitude is 786 
miles : whut is her preſent latitude and diflance ſailed © 

This problem cannot be refolved by middle. latitude failing, 


By MERCATOR's SAILING. 


By ConSTRUCTION. Fig. , Plate XIII. 
Draw the meridian 4B ; deſcribe the quadrant a mp; continue Ap 
till a a=786 miles, the diff. longitude, and draw AE parallel to AB. 
Make the arc mc=33* 197; draw the thumb a c till it meets AE in E, 
and draw EB parallel to 4 p. 


ComMPUTATION by Meridiena! Parts, 
To find the mer. diff. latitude. | | | 

2 LS 2 IM Dep. lat. 37* ON. Mer, pts. 2394 
As tang, cour. = 339 19“ o, 18224 : Mer. d. lat. 1196- 
To rad. = 90 oOo 10,00000 | —— 
So diff. long. = 786 2,895 42 Preſ. lat. 51 14N. M. pts. 3590 
To m. diff. lat. = 1196 3,0766 Diff. lat. 14 14 = 854 miles. 

| | 

Make AD 864; draw DC parallel to Ap; then Ac is the diſtance. 
To find the diſtance. Sin. 4. DCA : AD :: rad. : AC. 
As coſ. cour. = 330 197 0,07798 
To diff. lat. = 854 2,93146 
So rad. = go? oo 10, ooooo 


To diſtance = 1022 3, oog44 


— — 


ComPUuTATIon by Logarithmic Tangents. 


To find the preſent latitude, | Dep. lat. 37 o Co- lat. 5 3 oc. 
T (* A co-lat. 26 30. L. tang. 9.69774 
As tang. cour. = 330 19“ . 18224 — 1511 
To diff. long. = 786 2, 89542 | 8 
So 8 = 10,10151 |: co-lat. 19 24 L. tang, 9,54664 
To 0 _ 17917] Co- lat. 38 48. | 
981 A | Therefare 50 preſ. lat. is 51 N. 


By the TR AVZERNSE TABLE. 

Seek the diff. long. in the column of departure to the given courſe, 
and it gives in the column of latitude the meridional diff, lat. 

Thus under 33? 15, againft 39,3 (Soth of 786) in the departure 
ſtands 59, 38; or by proportioning 59,96, which multiplied by 20, gives 
1199 for the mer. diff, lat. Hence the preſent lat. is 5 1 14 N.; and 
the diff. lat. 854 ; its 2sth is 42,7. 

Then under 33015“, in the col. of lat. 42,7 ſtands againſt 51 in the 
col. of diſtances ; which multiplied by 20, gives 1020 for the diſtance 


PROBLEM 
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PROBLEM XII. 


72. Given the courſe, departure, and "difference of longitude : : 
Required the latitudes departed from and 8 at. 


ExAM. From a | place i in north latitude, a ſhip ſails S. 33e 15” E. until 


ſhe has made 564 miles of departare, and 786 miles of difference 77 ras: 
what were the latitudes ſailed from and arrived in? 


SOLUTION, 


As the ſine of the courſe, is to the departure 
So is the co-ſine of the courſe, to the difference of the latitude 2 860 
And as the diff. longitude, is to the departure | 
So is the radius, to the coſine of the middle latitude =44 09. 


Now = 14* 207 the diff. lat. the half is 7 107 


Then 44? 0g +2? 10'=512 10, the Jatitude failed from; 
And 44 09 —7 10 =36 59, the latitude arrived in. 


Hence any two of theſe four particulars being given, viz. 
Courſe, diftance, departure, difference of latitude, 
together with the difference of longitude : 

The two latitudes may thence be found. 


PROBLEM XIII. 


73. Given one latitude, diſtance, and difference of longitude, 
Required the courſe, and the preſent latitude. 


SOLUTION, 


1. Find the meridional diſtance (37) to uſe as a firſt departure. 

When the courſe is towards the equator, augment this mer. diſt. for 
a ſecond departure; if towards the pole, 3 it for a ſecond de- 
parture. Let the iſt dep. be altered about a 5th*or 6th of itſelf ſor a 

| 2d. departure. 
2. With the given diſtance and theſe departures, taken ſeparately i in order; 
Find the reſpective courſes, and differences of latitudes. (VII. 32) 
And hence, the preſent latitudes and mer. differences of lat. (52) 
3- To each courſe and reſpective mer, diff. lat. find a diff. long. (48 
4. Between cach of theſe differences of longitude, taken in order, and 
that given, take the two differences; which call the 1ſt. and 2d. errors. 
Take the product of the 1ſt. departure by the 2d. error. and the 
product of the 2d, departure MM the ſirſt error. 


di 


il 
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If the two differences of longitude found by 3d. art. were both too 
great, or both too ſmall ; let the difference of the ſaid two products be 
divided by the difference of the errors, and the quotient _ be taken 
for the true departure. 
But if the two differences found were one too great, and one too ſmall ; 
let the ſum of the ſaid products be divided by the ſum of the ſaid 
errors, and the quotient may be taken for the true departure. 
6. With the true dep. and dit. find the true courſe and diff. latitude. 
| (VII. 32) 


Ex AM. A ſhip from the latitude of 37*N. 8 ſailed PA ſome days na 
direct courſe in the NIV. quarter, finds that ſhe has run 1027 miles, and has 
made 790 miles of difference of Wann on what ene did ſhe ſteer, and what 
latitude has ſhe come to? 


With radius and the diff. long. 790, find a mer. diſt. (631) which be- 
ing diminiſhed by about its 4th, or by 100, gives 531. 

Then 631 and 531 may be taken for the iſt. and 2d. departures. 

The diſtance 1027, and thefe departures, give the courſes 374 5 and 
319, and alſo the differences of latitude up ard 883; or 132 34 and 
14* 43 
ona the ſuppoſed latitudes are 500 34” and 51 43”; and the meri- 
dional differences of latitude will be 1135 and 1245. 

With 1135 and 1245, taken with the courſes 379 45 and 370 the 
diſferences of long. are 879 and 748. 

And 879 790 8, the 1ſt. error, too great: | 

Alſo 790 748=42, the 2d. error, too ſmall, . ED 

The ſum of theſe errors is 131, the diviſor. 

Now 631 x 42 2650; and 531 x 8947250; the ſum of wet pro- 
ducts is 7 3761. 

Then 737 131 gives 563 for the true departure. 

With the diſt. 1027 and dep. 563, the courſe is N. 3315 

The diff. lat is 860m. =14* 20'N. 

And the preſent latitude is 519 20/N. 


SECTION 
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SECTION'y. 
Of compound Courſes corrected by Longitude. 


How to ſolve compound courſes or traverſes, on the principles of pl 
failing has been already ſhewn ; but it is neceſſary als to tow "oh © 
proper allowances for Tongitude are to be introduced into ſuch accounts; 
which is eaſily done by any of the following methods. 


74. , BEL Rv L 2E. I. | | 
1ſt, Complete the traverſe table to each courſe and diſtance, and find 
the whole diff. latitude, departure, and preſent latitude. (VII 36) 
2d. With the diff. latitude and departure find the direct courſe and 
diſtance. | : (VII. 33) 
23d. If you work by middle latitude, with the departed latitude and 
preſent latitude find the co-mid. lat.; with which, and the departure, 
find the difference of longitude. 8 | (64) 
Or Ath. If by Mercator, with the departed latitude and preſent latitude 
find the.meridional difierence of latitude ; with which, and the direct 
courſe, find the difference of longitude. (59) 


75. | RU LE II. By Middle Latitude. 
Iiſt. To the traverſe table (completed as above) annex ſeven other 
cols.; intitle them dep. lats., preſ. lats., ſum lats., mid-lats., co - mid. 
lats., diff. longit. . 
E. | W. | 
2d. By the ſeveral differences of latitude found in the traverſe table, 
fill up the firſt and ſecond columns; and hence the correſponding ſun 
lats., mid-lats., and co-mid. lats. will be obtained. | 
3d. With each co-mid. lat. and correſponding departure, find the diff. 
of Jongitude to each courſe (64), and ſet them in the columns marked 
E. W., according to the name of the departure uſed. 
Ath. Add up both the eaſt and weſt columns of longitude, and the dif- 
ference of their ſums will be the whole difference of longitude, 


76. | RU LE III. By Mercator. 
iſt. To the traverſe table (completed as above) annex five other 
columns; entitle them ſucceſſive latitudes, meridional parts, mer. di), 
lat., diff. long. | 
5 | VV - a : 
2d. By the ſeveral differences of latitude, found in the traverſe table, 
fill up the column of ſucceſſive latitudes z ſet their meridional parts in its 
column; and the meridional differences in its column, 
d. To each courſe, and its correſponding meridional diff. lat., find 
9) the diff. longitude; which ſet in its proper column. 


(5 


Hitude will be the whole difference of longitude. 
The firſt of theſe rules is moſt commonly practiſed at ſea; but either 


of the latter gives the reſult more accurately. | 
The operations, by theſe rules, may be all performed by the traverſe 


table at the end of Book VII. 
92 Ex Au- 


Ach. The difference of the ſums of the eaſt and welt columns of lon- 


a ww — hy 
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77. EXAMPLE I. Lſlerday nom we were in latitude 38 14. N., longitude 
250 56 W., and have ſince run the following courſes and diſtancet. | N 
it. NE. b. N. ZE. 56m. ; 2d. NNW. 38m.; 3d. NW. b. W. 46. m.; 
4th. 88k. zom. th. S. b. W. 20m. ; 6th. NE. b. N. 60. m. 

Required the Ibip's plate with her direct courſe and diſſance. 8 


By the Finsr RUE 
— — - — — N 
[The TRaveRsSE Ll ABLE. 


| Courſes. [B. N. [ S. J E. W. 
| — — . be — — — 
nd | NE. b. N. LY ON 56} 45,0 3374 
6) NNW, 38| 35,1 14,5 
4 IW. b. W. 46 25,6 38,2 
5 — — 27,7 1155] 
3) Js. b. W. 20 19,6 3.49 
nd NE. b. N. 60 50, 0 "7 OE TIRES. 
* | — — r copper — at] 
4 | 115557] 47»3] 78,2] 56,6] 
© "RS EIT TOY e | 
59] Hence (VII. 33) the courle is N. b. E., diſtance 111 miles. 
het | | nr 5 3 
i | By MIDDTE LATITUDE, | 
Dep, lat. = 38* 14/N. Mid, lat. = 39. 8 
Diff. lat. — 1 48 N. Co- mid. lat. — 50 5 2 
ble, Shy wo 5 
1 Preſent lat, = 40 2 N. | Dep. long. ="5j FO He | 
1 Sum lats. = 78 16 Diff. long. =: o 28 E. (64) 
ZI, — f | 
ked | 
F By MERCATOR. 
if- | 3 
Dep. lat. 380 147 N. M. pts. = 2486, 1 Depart. long. = 2g 56 W. 
Pref, lat. 49 2 N. M. pts. = 2625, 3 Diff. long. = o 2BE. (59) 
= Mer. diff. lat. 139.2] Preſent long. &= 25 28W, 
dit, | 


EXPLANATION. 


The diff. lat, 108, 4 and the dep. 21,6 being ſought for, ſtanding to- 
gether, in the traverſe table. (VII. 67) will be found under one paint, or 
11150 for the courſe, and againſt 111 miles for the diſtance, _ 

The co-mid. lat. 50 52“, or its neareſt $09 45“, being found in the 
traverſe table (VII. 67), and the departure 21,0 in the dep. column; 
then right againſt it, in the col, of diſt., ſtands 28 for the diff. long. - 

The ies 119 15” being found among the deg. at top in the traverſe 
table (VII. 67), and the mer. diff. lat. 139, 2 (or its , viz. 69,6) found 
in the col. of lat., gives a correſponding dep. 28, (=13,85 & 2) for the 
difference of longitude, | | i 
| y 


76 


By the SE COM D RULE. 
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TaaAveste TABLE. 


LonGiTUDE TABLE. 


MOT - | Pref. | Som. | Mid. C. NM. Ir 
Courſes. D.] N. S. lats. | lats. | lats, -f lats. T. 
NE. b. N. E. 56 45,0 33,4 38 59]77® 13/38 361519 24] 4 
NNW. 138] 35,1 39 134178 3339 16% 44| 
NW. b. W- [46] 25, 49 079 34[39 47/50 13 
SSE. 30 127,715 939 3279 32139 4650 14] 1; 
8. b. W. 20 19,6 39 12 78 44139 22[50 38 
NE. b. N. {6o| 50. [33,3 40 279 ene 
155,707,378, 2 ha | 10 
Diff lat. = [108,4|Dep.| 21,6] _ _ Dif. longitude. = | :; 
+. EXPLANATION. 
Dep. lat. 382 14/N., and diff. lat. 45 N., gives pref. lat. 38? 59/N. 


Dep. lat. 38 59 N., and diff. Jat. 35 N, gives pref. lat. 39 34 N. 


Dep. lat. 39 24 N., and diff. lat. 20 N., gives preſ. lat 
Dep. lat. 40 O N., and diff. lat. 28 8., gives preſ. lat 


40 ON, 
39 32 N. 


And ſo on, to make the firſt two columns in the longitude table. 
The ſum of each oppoſite two gives the ſum of lats. in 3d, column. 
From theſe ariſe the columns of mid. lat. and co-mid. lat. 
Then (by art. 64) with each co-mid. lat., and correſponding departure, 
the column of longitude is filled up; and the ſums of the columns of 
longitude being taken, their diff. will be the whole diff. of longitude. 


By the THIRD RUuLE. 


Traverses ABLE. 


LoneriTuDE TABLE. 


book. The diff. of lon 


the ſame, 


EXPLANATION. 


The column of ſucceſſive lats. is filled up from the differences of li. 
found in the traverſe table: to theſe lats. the meridional parts and the dit 

ferences are to be found: then by the courſes and meridional diff. of 
| latitudes, the diff. of longitudes are found, as ſhewn in art. 5 of tl 


| 
Courſes, |D. —_ = — 2 Ae: Ml dig on Bs: 
N. S. E. IW. atis. parts. at. E. *. 
| | „ 38 by 2586, 9 os 
NE b. N. 1E 56 45,0] 133-4] 838 $9 2843, 57:0 | 43:8 
NNW. 38] 35,1 14.539 34 |2588,9| 45-2 18, 
NW. b. W. 46 25, 38,2040 © 2622, 33,8 50,% 
SSE..- 300 27, 11,6 39 32 2586, 3 36, 4 15, 
S. b. W. 2c 19,6 3,930 12 12560,4| 25.9 | 6,1 
NE. b. N. 6c] 50,0 [33-3] (4 22625, 3 64,9 | 43-3 
| | 15597 47+3 78,2 56,6 102,1| 74,3 
Diff. lat. = res. 4 Dep Fg | Diff longit. = | 27,8 


78 


g- made good, found by all the methods, is near! 
| 1 


B 


git 


40 


II. 


Preſ. lat. 49 57 N. Mer. parts 3470 | Diff. long. 
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78. ExaMPLE II. Suppoſe a ſhip from the latitude 52 20 N., and lon- 
gitude 14 38'IF., has ſailed the following courſes, viz, 

iſt, ESE. 43m. 2d. SW, 32m. 3d. SE. b. S. 58m. 

Ath. 5SW. 60m. 


Required her preſent latitude and longitude, alſo her direct courſe and 
diftance. 


By the FIRST RuLE. 


The IXaVEAZSE TABLE, | 


——— — 


| Courſes. D. N. 8 E. 
ESE. 43 16,50 39,7 
SW. 32 22, 0 22,6 
SE. b. 8. 58 48,2 32,2 
SSW. 60 55,4 23,0 


— —— LY — . — h 


Diff. lat. = [142,75] 71,9 45,6 


| 5 Departure = | 26 3 

Hence (VII. 33) the courſe is S. 10% 300E. diſtance 146 miles. 
| To find the difference of Longitude, 
By MippLE LATITV PDE. 


. lats = $29 20'N. Mid. lat. = 61 8' 
Dir lat. = 2 238. Co mid. lat. 2 38 65 
Preſent lat. 2 49 57 N. Dep. long. = 14 38 W. 
Sum. lats. 5 Diff. long, = o 42 E. (64) 


By MERCATOR. 
Dep. lat. 52 200 N. Mer. parts 3698 [ Depart. long. = 14 38 W. 


Mer. diff. lat. 228 | Preſent long, = 3 56W.(VI.;3) 
ExXPLANATION. 


The halves of the diff. lat. and dep., viz. 71, 35, and 1 315, being 
ſought for, ſtanding together, in the traverſe table (VII. 67), their neareſt _ 
numbers, viz. 71,73 and 13, 30, ſtands under 10 30“ for the courſe; 
and againſt 73 in the column of diſt., which doubled, as the table was 
entered with halves, give 146 for the direct diſtance made good, 

The co- mid. lat. 389 527, or its neareſt 380 45', being ſought in the 
traverſe table (VII. 07); then in the column ſigned Dep. the number 
neareſt to 26, 3 (the dep. by this queſtion), ſtands againſt 42 in the col. 
of diſt. ; which is to be taken for the difference of longitude. 

Or thus, Seek under the direct courſe 109 30", and in the column 
ſigned Lat. for the neareſt number to the mer. diff. lat. (228, or to 
ſome part thereof, vix. its i=) 57 3 then the correſponding departure is 
10,57; which taken four times, gives 42,28 for the difference of lon- 
gitude. Den al | 


Vol. Ih, : Q. | By 
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By the Second RULE. 


IrRaveEeRSE TL ABLE. I LonGiTUDE TaBLE, 
| | - D, lon. 
| Dep. | Pref. | Sum. | Mid. Co. m. 
Courſes. D. N. 8. E. W. lats. lats. lats. lats. lats. Eaw 


ESE. 43 16,5 39,7% 52 2052 04[104®%241529 1237 48“ 6; 
SW. |} 226 22,6056 2 04 [;1 41 [103 45 [gt 52138 08 

SE. b. S. 58 48,232, 2 51 41 50 53 {102 34151 17138 43 51 
SSW. 60 55.4 23,0|l5o 53 49 58100 51050 26139 34 
Diff lat. = 142,771,945, 6 11607 
| — = [26,4 4 


Depart. = | 26, 2 ; Diff. lon. = | 43 


— — — — . 


EXPLANATION. 


Dep. lat. 529 20'N., and diff. lat. 168., give pref. lat. 520 N. 

Dep lat. 52 04 N., and diff. lat. 238, give pref. lat. 51 41 N. 

Dep. lat. 51 41 N., and diff. lat. 488., give pref. lat. 50 53 N. 

Dep. lat. 50 53 N., and diff. lat. 5 58., give pref. lat. 49 58 N. 

Which completes the firſt two columns of the longitude table. 

The ſums of the oppoſite dep. lat. and pref. lat. make the 3d. column, 

I he halves of theſe ſums make the mid. lats. in the 4th column. 

And their complements make the 5th column. | 

Then with theſe co-mid. lats. and their correſponding departures, the 
differences of longitude being found (64), and ſet in their proper columns; , 
the difference of the ſums of the columns of longitude gives the whole | 
difference of longitude. 


a „ OC — — — 


By the THIR D RULE. 


TRAVERSE TABLE. Loxcirubk TaBre | 


x 8. E. W. |S2cceff; Merid, M. d. Diff. long. 
F 0 . . . lats. parts. lat. * - 


1 
— — 1 


| 529 20'j 3697,58 
ESE. [43 16,539, 52 043071, 7 26,1} 62,8 
SW. 32 22,6 22,651 41 |3034,4| 37-3 37.3 
SE. b. S. 58 48,2032, 2 50 53 3557.76, 51,2 

SSW. 60 5354 23,0149 58347 1,486, 3 3537 


— 


Courſes. 95 


FATE 


Diff. lat. = 142,7 71,945 6 


9 


Dept. J 326, 


Diff. long =! 41,0 H 


EXPLANATION. 


By the differences of latitude, firſt found, the column of ſucceſſive la- w! 
titudes is filled up; to theſe the meridional parts and their differences aie 

then taken; the courſes and correſponding meridional diff. lat. give (59) w 

the differences of longitude. : = 
in this example, the difference in the reſult by the three methods 1s 
very inconſiderable. 79, Ex- 


2 la- 
8 ale 


50 
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79. EXAMPLE III. Suppoſe a ſhip from the latitude 67 30. M., lungitude 


80 460 V., has ſailed the following courſes, vis. 
NE. 64m. NNE. 
Weſt. 48m. SSW. 


1 
Required her preſent latitude and longitude. 


ESE. 


5om. NW. b. N. 58m. WNW. 72m. 
38m. 8. b. E. 


4om. 


By MippIR LATITUDE, according to the ſecond Rule. 


Courſes. |D dene e, — Succeſſ.] Sum. | Mid. Co- m. P. 2289 
2 ; wn. ia lk lats. lats, lats. | lats. E. w 
52 30% o %% %% 4 
NE. 64 45,3 4573 68 15 135 4567 52/72 08 120 
NNE. 500 40,2 19,1 69 o1 [137 16108 38/122 co] 
NW. b. N. 58 48,2 32,2% 49 [138 5069 2 20 35 92 
WNW. 72 27,6 66,5% 17 [140 6670 03019 57 [195 
Weſt 48 48,0% 17 [140 3470 17/19 43 142 
SSW. 38 351 145% 42 [139 59/09 5gjz2o ON | 42 
S. b E. [as 44,1] 8,8 68 58 138 40/69 2820 40 25 
ESE. 40 15,3] 36,9 68 43 1137 41168 50021 10ʃ102 
167,394, 5ʃr 10, [61,2 = 300/471 
Diff. lat. = 72,8} Depart. = 51,1 Diff. long. = 171 
By MERCATOR, according to the third Rule. 
3 5 Diff. ll. Depart. sacceſſ Mer. Mer. Diff. long. 
9 N. 18. LW | lats. | parts. ſd. lat. E w 
675 3555,00 | | © 
NE. 64] 45,3 45,3 68 15 [5671,1]r19,5/119,5 
NNE, 500 46,2 19,1 69 01579730126, 52,4 
NW. b. N. 58] 48,2 32,269 49 [$933,911 39,6 91,1 
WNW, 74 27.6 66,570 17 j6016,0| 82,1 198,6 
Weſt 4* 48,070 17 6016, ol oo, o 142, 
SSW. 38 35.1 14,5% 42 |5913,71102,3 4254 
8. b. E. 45 4491] 8,8] 8 58 |5789,o[124,7| 24.8 
ESE. 140 15.30 30,0 68 435747, 4l 41, 6100, 
167, 3094.50 10,161, 29741] 474-1 
| Diff. lat. = 72,8] Depart. = =_ | Diff. longit. = 16,7 


Hence the preſent latitude is 68? 43/N. ; and preſent long. 1142 W. 
According to the firſt Rule. 


The co-mid. lat. between the firſt and laſt lats. is 219 54, with 
which, and the departure 51,1 the diff. long. will be 137 miles. 
Alſo the mer. diff, lat. between the firſt and laſt lats. is 195, 8 with 


which, and the diff. lat. 72,8. and the dep. 51,1, gives a diff. long. 137,7, 


* This diff. long. is found by Art. 38 of this Bock. 
| QA 


80. Ex- 


Book VIII. 


120 GLOBULAR SAILING. 


80. ExaMPLE IV. Suppoſe a ſhip from the latitude of 689 39/N., lon- 


gitude 8* 40 E., has ſailed the following courſes, viz, 


NE. b. N. 63m. NE. 38m. NNE. 56m. 
North.” 30m. NW. b. N. 25m. NNW. z W. 36m. 
N. b. E. 40m. NE. b. E. ZE. 72m. 8E. | 50m, 
ENE. 65m. | 


Reguired her preſent latitude and longitude, with her direct courſe and dij- 


tance to the North Cape, in lat. 719 27 NM, longitude 269 3o'E. 
By MIDDLE LATITUDE, according to the ſecond Rule, 


C c D Diff. lats. — Depart. Succeſi,] Sum, | Mid. Co · m aq 
dd ay NE S T. | we. || Jats. | lats. | lats. lats. E. W. 
LE ſese 38 LE Te 4-9 
NE. b. N. [63] 52,4 35,0 69 301138 $|69 4.20 56 95 
NE. 38 26 9 26,9 99 571139 27009 43020 17 7 
NNE. 56| 51,7 21,4 70 49140 46170 23019 37] 04 
NW. b N. [35] 20% 494 4 
L . - 12 , , l 
NNW. Zw. lz 20,7 3.971 4 57 5971 6. 3 
f 2 W. 360 31,7 17, [72 12143 52/1 56018 4 5 
N. b. E. g 39-2 7.8 72 51145 3172 31117 29] 26 
NE b. E. 2E. 72 33,9 63,5 73 25140 16[73 8016 52/220 
SE. 50 35»3| 35»3 72 50 146 15/73 I 531121 
NE. 65 24.0% | 60, 73 15146 5173 31:6 57205 
311,4 35,349,930, 9 812] 99 
Diff. lat. 276, 1 2 19, [Dep. - Diff. long. = [713 


By MERCATOR, according to the third Rule. 


3 * Diff. Tats. | Depart. Soccell| Mer. | Mer; Dif. long. 
. J. lat.. Hf 
N. 8. E. W. . uv. 
EX _- 08” Ries 
NE. b. N. 63] 52,4 35 © [09 30 5579214755 97,2 
NE. 38] 26,9] 269} 69 57 5957, 2 78,c| 78, o 
NNE. 56 51,7 21,4 70 490112, 154. 64.0 
North 30 30,0 71 19 (6204, 5 92 1 
NW. b. N. [25 20,7 13.90%) 1 40 6270, 66, 2 44,0 
NNW. z W. 36 31,7 17,0% 2 12 [373.9 103, 55,0 
N. b. E. 40 39.2 7,8 72 51 5503, 8129.9 26,0 
NE. b. E. E. 72 33,9 63,5 73 25 0621,01, 2 219.4 
SE. 50 35.30 35»3] 72 50 6500, 41 20, 620, 6 
ENE. 65] 24,9 60,0 73 15 6586, 85,7]207,0 
| © [314+4] 35+3]2 4929] 30,9 812.2 99,0 
. $993 30.9 99.0 
Dep. lat: = [256,1 219, [ Dep Diff. long. 12.2 


HH 2 —2 


n 


* 
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By the FIRST Ru k. 


With 7th of the diff. lat. and departure, viz. 27,61 and 21,9 the 
direct courſe is N. 389 3o'E., and diſtance 353. | 

The co-mid. lat. is 199 04”; with which, and the departure 219, the 
difference of longitude is 673. 

The meridional diff, lat. 852,4; with which, and the direct courſe 
38* 3o', the difference of longitude is 676. 

To find the direct courſe and diſtance from the ſhip's place to the 
north cape. 
Depart. lat. = 68* 38/N. Dep. long. = 8% 4&E. 
Di. la.. 436 I; Diff. long. = 11 53 E. 
Preſent lat. = 73 14 N. Mer. parts =6582,6|Preſent long. = 20 33 E. 
N Cape's lat. 71 27 N. Mer. parts =6229,6|N, C.'s long, = 26 30 E. 


Dif. lat. — I 47 N. M. d. lat. = 3530 Diff. long, == 5 57 E. 


Or = 107 miles, Or = 357 miles, 
By MIDDLE LATITUDE, 


Sum of the lats. 144 41 mid. lat. 729 217; co-mid. lat. 17? 30“. 
To the co-mid, lat. 17 397, and the diff. longitude 357 (=119Xx 3) 
taken as a diſtance, the correſponding depart. is (36,28 x 3=) 108,84. 
As the diff. lat. 107, and depart. 108,8, are fo nearly equal, therefore 
The courſe to the North Cape is SE., and the diſtance 152 miles, 


By MERCATOR. 


The meridional diff. lat. 353, and diff long. 357, taken as a diff. lat. 
and depart., gives the courſe S. 45® 20'E; and the diſtance 152 miles. 


81. RE MAR K. 


The three methods of operation are ſuſſiciently illuſtrated in the pre- 
ceding examples. From whence it may be inferred, that in latitudes 
not exceeding 45, the fir/ method, or that uſually practiſed at ſea, is 
correct enough for any runs that can be made in one or two days; and 
one day's run may be ſafely worked by the ſame method in latitudes as 
high as 80 or 529: but in latitudes nearer to the pole, it will be proper 
to find the difference of longitude to compound courſes by either of tbe 
ſecond or third methods; as may be ſeen by comparing the reſults to 
the third and fourth examples; the firſt method giving the difference of 
longitude too ſmall, by a quantity conſiderable enough to produce ſatal 
conſequences. | £88 


Q3 SECTION 
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| SECTION v.. 
The Conſtruction and Uſe of a Mercator”s Chart 


The linear and numeral ſolutions of ſuch queſtions as may be propoſed 
concerning ſailing by the principles, on which Mercator's charts are 
founded, having been ſufficiently exemplified it follows next to ſhew 
how ſuch queſtions my be ſolved by the chart itſelf. 


82. PROBLEM I. 


To mate a true ſea-chart, which ſhall ſhew the known ſea crafts, i/lands, 
rocks, fhoals, 8&c. that are contained within any propoſed limits. 


SOLUTION. 


1ſt. Conſtruct the boundaries or limits of the chart, within the pro. 
ou latitudes and longitudes (13), and let the degrees of latitude and 
ongitude be marked on theſe limits. 
2d. Oa a piece of ſtiff paper, parchment, &c. make a ſcale of equal 
parts, like the degrees of longitude that are in the graduated parallel of 
Etre, and let the diviſions on this ſcale be numbered in the ſame 
manner. 
3d. From a table of the latitudes and longitudes of places, (VI. 13) 
extract thoſe places with their latitudes and longitudes, that lie within 
the propoſed limits. | 

gth. Then by fliding the outſide diviſions of the ſcale of the graduated 
parallel along the graduated meridians, fo that both ends of the ſcale, at 
the ſame time, always cut like divifions of latitude ; the points correſ. 
ponding to the latitudes and longitudes of the places contained within 
the propoſed limits may be readily marked in the chart. 

5th. Lines being properly drawn from point to point will form the 
outlines of the ſea-coaſts, iſlands, &c.; to which may be annexed the 
depths of water, ſetting of currents, and whatever elſe may be judged con- 
yenient for the chart to contain. ; LE, 

In this manner the ſea-coaſts, &c. were laid down in the chart Plate 
XII.; containing part of the ſea coaſts of Europe, Africa, and America, 
with the intermediate iſlands, extending from the latitude of 2 3 degrees 
5 59 degrees north; and from the longitude of London, or © degrees to, 

o degrees of welt longitude. | 


83. The Gunter's ſcales have two lines drawn on them, one marked 
M. R., ſignifying the nautical meridian; and the other, which is placed 
directly under it, is marked E. P., ſignifying equal parts, 

Thete equal parts are degrees of longitude, to which the diviſions df 
the nautical meridian are fitted, by increaſing them in their true propor- 
tion; which is readily done by the table in Art. 13. taking the meridional 
degrees fiom the ſcale of equal parts, or degrees of longitude. Thee 
two lines, or ſcales, are uſed either to conſtruct a Mercator's chart, o- 

to ſhew nearly the meridional diff, lat. between any two parallels of 


Th 


1 


latitude. 2 
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The conflrudtion of a Mercater's chart (or rather the limits or borders of 
it) is eaſily performed by theſe lines, by transferring the diviſions correſ- 
ponding to the degrees to be uſed, from theſe ſcales to the paper the chart 


is to be drawn on. See Plate XII. Thus: 


On an eaſt and weſt line (AB) apply the extent, taken from the ſcale 
of longitude (EP), between the degrees of longitude where the chart is to 
begin and end (ſuppoſe between the longitudes o and 80. 

Through theſe two extremities (A, B,) draw two meridians (AD, Be,) 
each of a length equal to the extent, taken ſrom the line of latitudes 
(Mer.), between the two latitudes where the chart is to begin and end 
(ſuppoſe between the latitudes 239 and 595.) 

Then the ſeveral degrees both of longitude and latitude, taken from 
thoſe ſcales, and ſeparately applied in their reſpective places, will form 
the borders of the chart as required. | 

The meridional difference of latitude is found by taking the extent, on 
the meridian ſcale, between the two propoſed latitudes, in a pair of com- 
paſſes and applying it to the line of longitude; then the number of 
equatorial degrees, and parts of degrees, being reduced to miles, will 
ſhew the meridional diff. latitude between thoſe parallels. 

The ſcale of longitude which was put perhaps on all the two-feet 
Gunter's ſcales made before the year 1746 for common ſale, had each 
degree of longitude rather leſs than 4th of an inch, and the meridian 
ſcale fitted to that ſize; ſo that about 85 meridian degrees come within 
the length of the ſcale; and conſequently the charts conſtructed from 
them had their degrees rather too ſmall to be of much uſe to ſeamen 
whoſe inſtruments and hands are not, uſually, ſo nice as to work with 
tolerable accuracy on ſuch ſmall charts; and ſuch ſcales continue till to 
be made by ſome workmen. But ſince that time certain alterations, 
conceived to be uſeful, have been made in Gunter's ſcales by ſome of 
the inſtrument- makers, to whom they were communicated + ; and now 
a degree of longitude is made nearly half an inch, and is divided into 
five parts of 12 minutes each; and the meridional degrees, fitted thereio, 
are in two lengths, or ſcales; the firſt containing 40 degrees ; and the 
other, beginning at 409, extends to 689, moſt navigations being per- 
formed within thoſe limits. 

The ſcale of logarithmic tangents, put on the Gunter's ſcale, is alſo a ſcale 
of meridional parts, or a ſcale of the differences of longitude to a courſe on the 
fourth rhumb, or to the rhumb, making angles af 45 degrees, with the meri- 
dians, on a Mercator's chart. | 

For to the latitudes o, 5, 105, 159, 209, 259, 309, &c.z the half 


| complements are 459, 42%, 40*, 372%, 35% 32x? 30, &c. There- 


fore, if on the ſcale of log. tang. be ſet the numbers, 5, 10, 15, &c. 
againſt the diviſions repreſented by 45˙, 424%, 40% & c., and the inter- 


mediate diviſions be eftimated accordingly; then will thoſe diviſions, 


taken as latitudes, be the log. tang. of their half polar diſtances, or half 
co-latitudes ; which (23) are analogous to the lengthened degrees on the 
meridian ; and conſequently (19) repreſent the differences of longitude 
on the rhumb of 45?. 


1 


+ By the author of theſe Elements. 
Q 4 A ſcale 
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A ſcale of equal parts, or a ſcale of longitude proper to this ſcale of 
meridional parts, may be found by the table, art, 13. p. 137. Thus, 
take from the ſcale of log. tang. marked as the ſcale of mer. parts, as 
above ſaid, the mer. parts to any propoſed latitude ;- then that diſtance 
being divided into as many equal parts as there are mer. deg. ſtanding 
againſt that latitude in the table, will be the ſcale of equal parts required. 

Thus, The firſt 209 of lat., which is the diſtance from the tangent 
of 45? to the tangent of 35®, being divided into 20,4 equal parts, will 
be the ſcale of longitude required. | | 

Alſo, the firſt 30? of lat., which is the ſpace between 459 and 30? on 
the log. tangents, gives 31,5 equatorial parts. = 

And (which is the moſt accurate among them) the diſtance between 
the tangents of 457 and 2249, anſwering to the firſt 45* of latitude, gives 
50,5 equal parts, or degrees of the equator. | 


A latitude and longitude being given, to find the correſponding place on the 
chart. Example. Lat. 32 25 N. long. 17 21'W, Plate XII. 


SOLUTION. 


1ſt. In the graduated meridian * take the diſtance between the pro- 
poſed latitude and the neareſt parallel of latitude drawn acroſs the chart 
with a pair of compaſſes, as between the lat. 32025, and the parallel 
of 30“. | 

— Wich other compaſſes, take the diſtance in the graduated parallel 
between the propoſed longitude and the neareſt meridian drawn acroſs 
the chart, as between the long. 1721 W. and the meridian paſſing 
through 20“ of longitude, CET 

3d. Slide the point of one compaſs along the meridian of 209, and a 
point of the other compaſs along the parallel of 30%, keeping the points 
of each pair of compaſſes perpendicular to the line they ſlide along; then 
will the meeting of the other points of the compaſſes ſhew the place cor- 
reſponding to the given latitude and longitude ; which in this example is 
the weſt end of the Iſland of Madeira. „ 

This problem is moſt readily ſolved by the means of ſuch a moveable 
ſcale of longitude, as is deſcribed and yſed in the foregoing problem. 
Or thus. A meridian drawn through the degrees of longitude given, 
and a parallel of Jatitude drawn through the given degrees of latitude, 
their interſection will be the place required. 


——_— 


3 — 
* 


* The graduated meridian is the ſcale of latitudes on the right or left hand 
borders of the chart. | i 


+ The graduated parallel is the ſcale of longitudes on the top or bottom 
bor ders of the chart. 8 ay gots 
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8. PROBLEM II. 


A place being given on the chart, to finds its latitude and longitude, 
Suppoſe Palma, one of the Canary Iſles. Plate XII. 


SOLUTION, 


iſt. With the compaſſes take the ſhorteſt diſtance between the given 
place and the neareſt parallel of latitude ; this diſtance applied to the gra- 
duated meridian, from the ſaid parallel the fame way the place lies, will 
give the latitude ſought. I hus the diſtance from Palma to the parallel 
of 30®, applied from 30 ſouthwards, gives 28® 35 N. for the latitude 
ſought. | 
1 In like manner, the ſhorteſt diſtance taken between the given 
place and the neareſt meridian being applied to the graduated parallel, 
from that meridian, will give the longitude : thus the diſtance from 
Palma to the meridian through 20%, applied from 209 eaſtward, will give 
17% 21'W. longitude, 


86. PROBLEM IV. 


Tro places being given on a Mercator's chart, to find their difference of 
latitude and difference of longitude. ; 


Suppoſe Cape Finiſterre and the Iſland of Porto Santo. Plate XII 


SOLUTION. 


Find the latitude and longitude of each place; then the required dif- 
ferences are readily known, 5 | 
By Prob. III. i Finiſterre's lat. = 4315 N. Long. . 99 zo W. 


Il. Porto Sancto lat. = 33 15 N. Long. 15 55 W. 
Diff. lat. = 10 oo D. long. = 6:95. W. 


——„—̃—— — 


87, PROBLEM V. 


To find the bearing or courſe, between two given places on a Mercator s 


Suppoſe between Cape Clear and the Ifland St. Michael. Plate XII. 


SOLUTION. 


Lay the edge of a ruler upon Cape Clear and the middle of the Iſland 
of St. Michael; and, holding the ruler in this poſition, take the ſhorteſt 
diſtance between the edge of the ruler and the center of the neareſt com- 
paſs, or fly in a pair of compaſſes; ſlide one point of the compaſſes along 
the edge of the ruler, till the other point cuts the border of the fly; and 
the courſe will be found to be SW, b. S. 4 W. nearly. 


Aud the like for other places, 0 
PROBLEM 


— n 
„„ 

„n is. 

„ ore 
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PROBLEM VI. 


T wo places being given on a Mercator's chart, to find their diſtance. 


88. CAs I. When the given places are both under the ſame meridian, ar 
under the equator. 


SOLUTION. 


Find the latitude of each place when under the ſame meridian, or their 
longitudes if under the equator. i | 

Ihen the difference of the latitudes is the diſtance ſought ; or, the dif. 
Ference of longitudes is the diſtance ſought. 


89. CAsE II. I ben the given places are both under the ſame parallel 
 tatitude. | 


Suppoſe between Cape Roxant and the Iſland of St. George. Pl. XII 
SOLUTION; 


Lay the edge of a ruler over the given places; take half the diſtance 
of thoſe places with the compaſſes ; ſet one point on the diviſion cut by 
the ruler in the graduated meridian, and apply the other point upwarch 
and downwards on the ſame meridian, noting the degrees of latitude the 
ſaid point falls on: Then the difference of thoſe latitudes will be the dif- 
tance ſought nearly. 

Thus, half the diſtance between Cape Roxant and the Iſland of St. 
George, will reach from 389 40”, the divifion cut by the edge of a ruler 

laid over thoſe places, to 45 oO northward, and to 32 20/ ſouthward; 
the difference between theſe two latitudes is 125 407, or 760 miles nearly, 
for the diſtance required. | 

But if the propoſed places lie in a parallel of latitude greater than 30 
degrees, it will come nearer the truth to work as follows. 

Take that meridional degree in which the parallel falls in the com- 
paſſes ; and as many times as this diſtance is contained in a ſtraight line 
between the two places, of ſo many degrees is their diſtance to be elt- 
mated; which is reduced to miles as before. 

Thus the diſtance between the latitudes of 38 00'N. and 399 oo'V, 
will be contained. about 124 times between Cape Roxant and the Ifland 
of St. George, or the diſtance will be 12? 407, as before *. 

A third method, better than either, is as follows. Conſider what 
number of points and parts of a point is contained in the co-latitude 
of the given places. Extend the compaſſes from one place to the other, 
and ſet this extent from the center of any one of the compaſſes, or flies, 
that is drawn on the chart along the rhumb which expreſſes the number 
of points and parts contained in the co-latitude. Keeping one foot of tis 
compaſſes in the point where it falls, ſhut in the other until it will jul 


— 


— 


* Theſe operations depend on the following proportion. : 
As mer. diff. lat. ; proper diff, lat.: : diff. long. : departure; which will 
differ but very little from the meridional diſtance, unleſs the places are ve!) 
far aſunder. 4 
4 tou 
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touch the meridian that paſſes throngh the center of the fly ; and this 
extent being applied to the graduated parallel will give the diſtance be- 
tween the two places in degrees, as is plain from the principles of parallel 
failing. 


go. CAsE III. When the given places differ both in latitude and longitude. 
Suppoſe the Lizard and the Iſland of Corvo. Plate XII. Fig. 4. 


SOLUTION. 


Find the latitudes of the two places, and their diff. latitude. Take the 
diff. lat. in degrees and parts from the equator. 

Lay the edge of a ruler over the two places; and ſlide one point of the 
compaſſes along the edge of it, until the other point touches a parallel 
(without cutting it); then, the other point reſting here, take the diſ- 
tance from thence to where the edge of the ruler cuts this parallel, 


which being meaſured on the graduated parallel, will give the diſtance 
ſought in degrees. : | | 
Thus, the difference of latitude between Corvo and the Lizard is 
109 0g'; then 109 09” taken from the graduated parallel, and one point 
of the compaſſes applied to the edge of a ruler, laid in the direction cL, 
ſlide that point along CL till the other point touches the parallel of 50 
degrees in E; then the diſtance DL, meaſured on the graduated parallel, 
gives about 20025 225 miles, for the diſtance required. 

For, if the difference of latitude DE be taken on a meridian through c, 
from c to ; and the parallel of latitude FH be drawn, cutting the thumb 
line cL in H; than are the triangles LDE, HCF, congruous; and CH=DL. 

| (II. 95, 1c2) 

Now it is evident, that the parts of the triangle ch, col, bear the 
ſame proportion to one another, as have been ſhewn in Art. 25. of this, 


where CF is the proper diff. lat., c the mer. diff. lat,, GL the diff. long., 


FH the departure, and CH the diſtance: Conſequently the diſtance DL, 
found as above, is the true diſtance ſought, 


91. PROBLEM VI. 


Given the latitude and longitude of the departed place, the courſe, and the 
latitude of the preſent place; required that place on the chart. | 


EXAMPL E. 


A ſhip from the Iſland of Flores runs SE. b. S.3E. till ſhe finds her- 


_ in the latitude 27% 29/N.; required her preſent place. Plate XII. 
Fig. 5. | 


SOLUTION, 


Through the departed place, Flores, draw the given rhumb. viz. 
E. b. S. E. and its interſection with the parallel of latitude drawn 
through the latitude of the preſent place, viz. 27% 29/, will give the 
ihip's place on the chart ; which will be near the iſland Ferro, or in lat. 
27% N. Jong. 179 2&W, 

5 „ 5 92. PR O- 
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92. PROBLEM VIII. 
Given the departed place, and 4 ſo the courſe and diflance, to find the preſent 


. 


Place on the chart. 
ExXAMPLE. 


A ſhip from the Ifland Ferro runs NW. b. N. 3 W. 951 miles; 
whet is the latitude and longitude of the preſent place? Plate XII. 
ig. 5. = 
SOLUTION. | 
Lay the edge of a ruler over Ferro in the poſition of the given courſe 
NW. b. N. W.;; take the degrees, 159 51”, in the given diſtance, 951 
miles, from the graduated parallel, and apply this exteat from Ferro 
along the ruler's edge to R; take the neareſt diſtance between R, and 
a parallel yz drawn through Ferro, and ſee how many degrees this ex- 
tent makes on the graduated parallel, which will be 11 35; thoſe de- 
grees counted northward from Ferro will give 399 23'N. for the ſhip's 
latitude; then the point Q, where a parallel through this latitude inter- 
ſeQs the edge of the ruler, {till laying in the firſt poſition, will be the 
ſhip's preſent place. | 
93. 1f the courſe is due eaſt or weſt. 
EXAMPLE, 


A ſhip from Cape Roxant fails due weſt 760 miles: required her pre- 
ſent place. Plate XII. 


SOLUTION. 


Take half the degrees (v:z. 6Y 20”) in the given diſtance 760 miles; 
add them to, and ſubtract them from, the given lat. 389 42”, noting the 
ſum 459 027, and the remainder 329 227: then the extent between thoſe 
degrees taken in the graduated meridian, and applied from the given 

ace weſtward in the parallel, will give the ſhips preſent place; which 
will be near the Iſland of St. George. | 


Or thus, if the latitude be above 3o degrees 


Take the length of a degree in the latitude of the given parallel, a 
much above the parallel as below it; and turn this diſtance over in that 
paralle}, the fame way the courſe is, as many times as there are degrees in 
the given diſtance, and this will give the ſhip's place. 

Thus the length of a degree taken, in the latitude 389 42/, and turned 
over from Cape Roxant to the welt 123 times, the compaſſes will fall on 
the Iſland of St. George. 

Or lay the edge of a ruler over the center of a fly in the direction of 
that rhumb which makes an angle with the meridian equal to the co- 
latitude of the given place. Take the number of degrees in the given 
diſtance from the graduated parallel, and ſlide one foot of the compaſſes 
along the edge of the ruler until the other touches the meridian paſpng 
through the fly. Keeping one foot fixed, in this poſition, by the edge of 
the ruler, open the other to the center of the fly ; then ſet this extent from 
the given place along its parallel of latitude, and it will give the preſent 


lace of the ſhip. 
8 94. PR O. 
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96 PROBLEM IX. | | 
Given the departed place, with the difference of latitude and diflance 5 re- 


quired the ſhip's place on the chart. 


EXAMPLE * 
A ſhip from Qſails in the SE. quarter 951 miles and then finds herſelf 


in lat. 27 48'N., having altered her latitude 112 35”: required her pre- 
| ſent place. Plate XII. Fig 5. 


SOLUTION. 
Take the difference of latitude, 119 35”, from the graduated parallel; 


| lay this extent from Q along the edge of a ruler, lying north and ſouth, 
to x; turn the edge of the ruler about x till it lies in an eaſt and weſt 


poſition: from the graduated parallel take 159 51', the degrees in 951 
miles, the given diſtance, apply this extent from Q, to cut the edge of 


| theruler in y: let the points of the compaſſes reſt in Q aud v, and apply 


the edge of the ruler cloſe to thoſe points; then the point y, where the 


parallel of 27 480 is cut by the ruler's edge, is the ſhip's place required, 


95. PRUBLEM:-: 2. = 
Given the departed place, with the courſe and difference of longitude : re- 
quired the ſhip's place on the chart. 
EXAMPLE. | | 
A ſhip from p fails NW. b. N. 4 W.: required her place when ſhe has 
altered her longitude 1253. Plate XII. Fig. 5. 


SOLUTION. | 
Take the given difference of longitude 129 53“ from the graduated 
parallel; ſlide one foot of the compaſſes along the edge of a ruler laid on 
5, in the poſition PQ of the given courſe, until the other foot juſt touches 
a meridian PT drawn through Pin r; then will the point Q, where the 
foot reſts againſt the ruler's edge, be the place required. 


96. If the courſe had Leen due eaſt or wel. 


EXAMPLE. 
A ſhip from Cape Roxant fails due weſt until ſhe has altered her lon- 
gitude 1610“: required her place on the chart. „„ 


SOLUTION, 1655 

Take the difference of longitude 167 40“ from the graduated parallel; 
then this extent applied from the given place, Cape Roxant, due weſt, will 
give the place required, which is near the Iſland of St. George. 

7. PRO M. Ak | 

Grven the departed place, with the difference of latitude and departure: re- 
quired the ſhip's place on the chart, | | 

| EXAMPLE. 

A ſhip from Q, in lat. 29*23'N., ſails between the ſouth and eaſt till 
ſhe comes into the lat. 27% 48'N., having made by account 649 miles of 
departure: required the ſhip's preſent place. Plate XII. Fig 5. 

SOLUTION, 

Take the given difference of latitude 1135“ from the graduated pa- 

rallel, and apply this extent from &, along the edge of a ruler laid in the 


| meridian of Q, to x; take 10% 49'=649 miles, the given departure, 


from 
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from the graduated parallel; ſet one foot on x, and lay this extent eaſt. 
ward to v, ſo that xv be in a perpendicular poſition to the ruler's edpe: 
lay the edge of the ruler on the points Cand , and where it cuts ze, the 
parallel of the ſhips preſent latitude in p, is the ſhip's place. 

Then the longitude, courſe, and diſtance may be found as before, 
See Articles 8, 87, 90. 


98. PROBLEM XI. 


Given the departed place, with the courſe and departure: required the ſhig'; 
place on the chart. FCN LM 


EXAMPLE. 


A ſhip from p, in latitude 272 48'N., fails NW. b. N. 3W., until ſhe 
has made 649 miles of departure: required her preſent place; Plate Xll. 
F ig. 5 Y c : | 7 

SOL VT To. 


Lay the edge of a ruler over the given place p, in the poſition of ibe 
given courſe NW. b. N. i W.; take from the graduated parallel 109 49 
=649, the given departure, and ſlide one foot along the ruler's edge, 
until the other foot juſt touches a meridian pr, drawn through p ins; 
the diſtance s applied to the graduated parallel gives the diff. latitude; 
and conſequently the preſent latitude is known: then where the ruler's 
edge, lying in the ſame poſition, cuts the preſent parallel of lat. Tg, a 
in Q, is the place ſought. a 


99. PROBLEM NM. 


Given the departed place, with the diſtance, and departure, to find the ſbij't 
preſent place on the chart. | | 


EXAMPLE. 


A ſhip from Q, in lat. 399 2J/N., in ſailing between the ſouth and 
eaſt 951 miles, found ſhe has made 649 miles of departure: where is the 
preſent place of the ſhip? Plate XII. Fig. 5. | 


SOLUTION. 


From the graduated parallel take 109 40/649 miles, the given depar- 
ture, and lay this extent from Q to o directly eaſt ; with the extent 15 51 
=951 miles, the given diſtance, taken from the graduated parallel, one 
foot being ſet in Q with the other foot cut the edge of a ruler, laid on o, 
as a meridian, in v; then ov, meaſured on the graduated parallel, gives 
the diff. latitude, and conſequently the preſent latitude 27 48“ will be 
found: lay a ruler's edge over C and v, and where it cuts the parallel of 
27 48', as in P, is the ſhip's place required. 
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S EC FTI Of l. 
| Of ſailing on a Great Circle of the Sphere, 


100. GREAT C1RCLE SAILING is the art of finding what places a 

ſhip muſt go . and what courſes ſne muſt ſteer, that her tract 

may be in the arc of a great circle (or nearly ſo) paſſing through the place 
ſailed from and that bound to. ; 


4 Although Mercator's failing reſolves truly all the caſes incident to a 
ſhip's courſe along the rhumb paſſing through two places; yet there is 
no caſe in which the courſe performed on the direct rhumb line is the 

fl ſhorteſt diſtance between thoſe two places, except when they both lie 

il under the ſame meridian, or on the equator. 

For on the ſphere, the ſhorteſt diſtance between two places is the arc 
of a great circle intercepted: between them (IV. 24); conſequently the 
ſpiral, or rhumb, paſſing through thoſe places, is not the ſhortelt diſ- 

the tance, except when that rhumb coincides with a great circle, which can 

49 only be on a meridian, or on the equator, | 

ge, 

183 It is chiefly on account of the ſhorteſt diſtance that this method of ſail - 

de; ing has been propoſed ; and, for the moſt part, it is advantageous for a 

er's ſhip to reach her port by the ſhorteſt way ſhe can. | 

as . ; | N 

As the ſolutions of the caſes in Mercator's failing were performed by 
plane triangles; ſo the caſes in great cirele ſailing are reſolved by the 
ſolution of ſpheric triangles. | 

bip' A great variety of caſes may be propoſed in this kind of ſailing ; but as 
they ſerve rather for exerciſes in the ſolution of ſpheric triangles, than for 
any real uſe towards the navigating a ſhip, thofe which appertain'to one 
Problem only will be here more particularly conſidered, as they are the 

* moſt uſeful caſes that uſually occur. 

the 


101. The angle of poſition, is an angle which a great circle, paſſing 
over two places, makes with the meridian of one of them ; and ſhews the 
angular poſition of one place from the other. 


PR OB LE M. 


Given the latitudes and longitudes of two places on the Earth : required their 


neareſt diſtance on the ſurface, together with the angles of poſition from either 
place ta the other. 


This Problem may be branched into ſix Caſes. 
102, Cask I. When the two places lie under the fame meridian. 


SOLUTION. Their diſſerence of latitude will give their diſtance; and 
the poſition of one from the other will be directiy north or ſouth. 
103. CAsE 


PPP 
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| 
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103. Cas E II. When the two places lie under the equator. 


SOLUTION. Their diſtance is equal to their difference of longitude, 
and the angle of poſition is a right angle, or the courſe from one to the 
other is due eaſt or weſt. - 


104. CAsE III. zen both places are in the ſame parallel of Iatitud, 


ExAamPLE. I bat is the haſt diſtiance between St. Maries, in latitud- 
37 co'N., longitude 25* oIF., and Cape Henry, in latitude 37 oo!, langi- 
tude 760 23 * 


GENERAL Cons TRUCTION, Plate XIII. Fig. 25. 


1ſt. Deſcribe a circle pEsQ repreſenting the meridian of one of the 
places, ſuppoſe of the eaſtern one, as St. Maries; draw the line EQ repre- 
ſenting the equator, and at right angles to it draw the line ps, for the 
axis of the earth, the extremity of which p, is the north pole, and s is the 
ſouth pole; and on this circle lay off from p to A the complement of the 
latitude of (St. Maries) the eaſtern place. | 


2d- On the equator, lay off from Q to c (IV. 70) the difference of 
longitude, between the two places (51923); and through p, c, s, 
(II. 72) deſcribe the circle pcs, which will be the meridian of the other 
place (Cape Henry) ; on which lay from p to B the co-latitude of this 
place; which is done by deſciibing the arc A a about the pole 2 (IV. 68) 
at the diſtance of the co latitude. 


3d. Though the points a, B, p, deſcribe a great circle ABB. (II 72) 


Then A repreſents one place (St. Maries), B the other (Cape Henry); 
PA and PB are their co-latitudes; the angle aps, which is meaſured by 
the arc Qc (IV. 9), is the diff. long.; the arc AB is the neareſt diſtance of 
thoſe places; the angle PAB 1s, the angle of poſition from A to B; and the 
angle PBA is the angle of poſition from B to A, 150 


The arc AB may be meaſured as directed in Article 70, Book IV. 
And the angle PAP, or PBA, as ſhewn in Art. 72, Book IV. 


Now the places having the ſame latitude, PA is equal to Ps, and 
Z.PAB=Z_PBA (IV. 9o) Therefore, if the arc pi be deſcribed (IV. 75 
making the angle API 25941, the half of the difference ot longi- 
tude ; PI will be perpendicular to AB, and biſect it. | 


And in the triangle Alp, right-angled at 1, there will be given the 
hypothenuſe ay=53* oo; the LAPIS25% 414; to find the leg Al- 
half the diſtance ſought, aud the CPAIS the angle of poſition. 


The ſolution falls under Art. 130, 132. Book IV. 


and 
75) 
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To find the diſtance. En 
As radius, Or, As rad. = g0® oo io, oooco 
'To fin. byp. PA; | To col. lat. = 37 oo 9,902 35 
So fin. giv. CAPI, So fin. J diff. long. = 25 414 9.62702 
To fin, leg. Al. To ſin. 3 diſtance = 20 151 9,5 2937 


Which doubled, gives 40 31 for the dĩſt. AB. 
And this 4031“ reduced to nautical miles, is 2431, which is 31 miles 


| leſs than 2462, the diſtance given by parallel failing. See Art. 42 of this, 


. To find the angle of poſition. 
As radius, , Or, As rad, 


| 90 G 10,000C0 
To coſ. hypoth. ya: | To fin. lat.“ = 437-00 9.77946 
So tang. giv. Lari, So tang. J diff. long, = 25 414 9.68222 
To cot. £ As | To cot. . poſit = 73 51 9,40168 


It appears by this, that to fail from A to B, or from B; to A, the ſhip 
muſt firſt ſteer N. 73? 51'W. or E.; and then gradually increaſe her 
courſe till ſhe comes to 1, where it will be due W. or E.; and from thence 
the courſe is to be gradually diminiſhed again till ſhe comes to the other 
port, where it will be 73” 517, the ſame as ſhe ſet out with: But how 
theſe courſes are to be thus altered will be ſhewn hereafter. 


105. CASE IV. When one place has latitude, and the other has none, 


or 1s under the equator. 


ExaMeLt. pat is the neareſt diſtance between the Iſland of St. Thomas 
in lat O oo, and long. 1% 00, and Port St. Julian, in lat. 489 519. 
and longitude 65 10. 


Port St. Julian, in lat. 48 51'S. Long. 659 10% W. 
1. St. Thomas, in lat, o 0 Long. 1 ooE. 
Julian's co-lat, 41 09 Diff. long. 66 10 


By Cons TRUCTION. Plate XIII. Fig. 26. 

Let the point a be St. Thomas under the equator, the poles of which 
ae . he Se HS 

Make Ac, the meaſure of the angle Asc, equal to 669 10% diff. 
long. | (IV. 74) 

Then as Port St. Julian is in ſouth lat., about s the ſouth pole, at the 
diſtance of Julian's co- lat., deſcribe the arc aa, cutting sc, the meri- 
dian of Julian, in 8. (IV. 66) 

Through the points A, B, E, a great circle being deſcribed the arc AB 
is the diſtance ſought. © | 

The diſtance AB may be meaſured by Art. 70. Book IV. 

And the angles of poſition at A and B are to be meaſured as directed 
in Art. 72. Book IV. 1 5 | 


1 


a tt 


— 


* For the complement of a complement, is the arc itſelf: Thus Qa, or 
the diſtance from the equator, ſhews the lat. But Q is the comp. of A; 
and ap of AQ. | | | | | 
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CoMPUTATION. In the quadrantal triangle As B, there is 
Given the co- lat. of St. Thomas, or a8=90? 0o' The reſt ate found 
the co-lat. of julian, 88241 ö as in Art. 162, Book 
the diff. longitude, L£.AS$B=b66 w IV. 
Or, inche ſupplemental triangle acs, right angled at c, there is 
Given the lat. of St. Julian's, or the leg cB=48? 51/. . 
the diff. longitude, or the leg ca=66 10. 
The ſolution falls under Article 140. Book IV. 


To find the diflance Ah. 


As radius, Or, As radivs = 90? oo 10,00000 
To col. either leg; To col. diff. long. ac = 66 10 9,60646 
do col. other leg. So col. diff, lag, cB= 48 51 9.81825 
To cof. hyp. | To coſ. diſt. AB = 74 35 9.4241 


5 
So that the diſt. aB=74* 35 is 4475 miles; which is leſs by 57 miles 
than the diſtance found by Mercator's ſailing. | 


To find the angle of poſition at a. (IV. 139.) 


As radius, | Or, As radius = 90 OO 10, ooo 
To fin. leg. ac; To fin, diff. long. ac = 66 19 9,901 29 
So cot. leg. cB, So cot, diff. lat. cB = 48 51 9,94146 
To cot.op. CA. To cot. I poſit. ata = 51 22 9.90275 

eee 


To find the angle peſition at B. 


As radius, Or, As radius 82 99? © 10,c0500 
To fin. leg. on; f To fin. diff lat. cB= 48 51 9.87679 
So cot. leg. 4c, 80 cot. diff. long, ac = 66 10 9.64517 
To cot. Op. B. To cot. £ pokit, at B= 71 36 9, 52106 


So that a ſhip failing from the Iſland of St. Thomas muſt firſt ſhape 
her courſe S. 51 22 W.; and then by conſtantly altering her courſe 
towards the weſt, ſo as to arrive at Port St. Julian on a courſe S. 7 1360 W. 
ſhe will have ſailed the ſhorteſt diſtance between thoſe places. 


106, CAsE V. When the latitudes of the given places are both north, 


or both ſouth, 


ExAmMPLE. What 2 the nearef! diſtance between the Lizard and the Iſand 
of Bermudas; and alſo the angles of poſition at each place. | 


The Lizard in lat. 49% 57% N. and long. 5 21/W, 
Iſl. Bermudas in lat, 32 35 N. and long. 63 32 W. 


Diff. long. 58 11 


— 


By Cons TRUCTION. Plate XIII. Fig. 27. 


Make A= 57 257 the co-lat. of Bermudas; p a=40* o, the co-lat- 
of the Lizard: and (IV. 68) with the tang. of » a deſcribe the * 7 
N ö | Fi! 


OO ww] >» 3 


— 1 
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With the ſecant, of 589 11”, the diff long. (IV. 36), deſcribe arcs from 
p and s, which give the center of the circle Pcs, the meridian of the 
Lizard; its interſection with a a gives B, the place of the Lizard. 
Deſcribe a great circle through a, B, o, (II. 72), and the intercepted 
arc AB is the diſtance ſought ; and the angles PAB, PBA, are the poſnions 
required. . | 
| The diſtance AB may be meaſured by (IV. 70) ; and the poſitions by 
IV. 72.) 
Had the eaſtern place, the Lizard, been put on the primitive circle, 
the great circle AB would have been difficult to deſcribe ; and therefore 
the weſtern place was put on the primitive circle, it being a matter of 
indifference which of the places are ſo taken. 
 ComPUTATION. In the oblique ſpheric triangle aps. 
Given Bermudas's co-lat., PA=57* 25/ 
Lizard's co-lat., PB=40 03 | Require the reſt. 
Diff. longitude, / ArB=58 11) 
The ſolution falls under Art. 151. Book IV. 


To find the diſtance AB. 


„ AER. ho db re SE. ca 


5 As radius, Or, As radius = 9o o 10,00000 
To coſ. giv. £3 Tocoſ. diff. long.. Ar B= 58 11 9.72198 
4 80 tan. eith. fide, So tan. Berm. co- lat. rA = 57 25 10, 19442 
: To tang, u. To tang. fourth are = 39 31 9.91640 
F Which take from Lizardco-lat.= 40 03 
” Leaves a fifth arc = O 32 = N; 
As cof. As cof, fourth arc = 239 31 o, 11270 
7 To coſ. Ns To col. fifth arc = me -- * 
6 80 col, ſide 1ſt. uſed, | So fin, Bermudas lat. = 32 35 9,73121 
4 To col. fide required. | To coſ. diſtance an = 45 44 ateata 
a To find the angle of poßtion vA. (IV. 150) 
As this angle is oppoſite to the fide uſed in the firſt proportion, there- 
z fore the fourth and fifth arcs here uſed, are the ſame as above, 
5 As fin, u, As fin, fifth are = 0 32“ 2503113 
To ſin. M; To fin. fourth arc = 39 31 9.80368 
id So tang. given £, So tang. diff. long. CAB 58 11 _ 10,20731 
To tang. req. . [ To tang, poſit. 1 = 89 29 12,04210 
To find the angle of poſition PAB. ; 
The other parts being found, this angle may be found by the propor- 
tion between oppoſite lides and angles. Thus: e 
As fin. ya, Or, As ſin. Bermadas's co-lat.= 57% 25” ' 0,07437 
To fin. TEA; | To fin. Z pol. at Lizard = 89 29 9.9998 
t. 80 lin. By, So fin, Lizard's co- lat = 40 03 9,808 52 
0 To in. 4 rA. | To ſin. E poſ.atBermuJas= 49 47 9.88.89 


R 2 Or, 
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Or working by Art. 150. Book IV. the ſame angles would be 
obtained. 
_ Had the two firſt proportions been worked with the Lizard's latitude 
inſtead of Bermudas's, the ſame diſtance would have been found. 
So the ſhorteſt diſtance between the Lizard and Bermudas is 4544 
or 2744 ſea miles; which is 56 miles leſs than the diſtance found by 
Mercator's ſailing 
And a ſhip to run this ſhorteſt tract muſt ſail from the Lizard 
S. 89* 29'W., and gradully leſſen the courſe, ſo as to arrive at Bermudas 
on the rhumb bearing S. 49* 47 W.: whereas the direct courſe from one 
place to the other, as found by Mercator's ſailing, is 8. 68% W. 
107. CAsE VI. When one of the given places has north latitude, and 
| the other has ſouth latitude. 
ExaMPLE. I bat is the neareſt diſtance from the Iſland of St. Helena th 
the Iſland of Ber mudas; and alſo the angles of poſition at each place? 
Iſland of Bermudas in lat. 329 35 N. and Jong. 639327 W. 
Iſland of St. Helena in lat. 15 55 8. and long. 5 49 W. 


Diff. long. 57 437 


By Cons TRUCTION, Pl. XIII. Fig. 28. 

Make Qa=15* 55, the lat. of St. Helena; deſcribe the arc ag abouty 
(IV. 68) with the tangent of pa=572 25”, the co-lat. of Bermudas. 

Arcs deſcribed from p, s. with the ſecant of 57“ 43, the diff. long., 
will give the centre of the circle pcs, the meridian of Bermudas ; and its 
interſection B with 4, is the place of Bermudas. 

Deſcribe a great circle through A, B, D ; the intercepted arc AB is the 
diſtance ſought, which may be meaſured by IV. 70; and the angles 
PAB, ABS, are the poſitions required, which are to be meaſured as dire 
ed in Art. 72. Book IV. | 

ComMPUTATION. In the oblique ſpheric triangle ABP. 

Given PA=105*55', St. Helena's lat., added to 90%; or its N. pol, diſt. 

PB= 57 25 , Bermudas's co-lat. | 
Z APB= 57 43 , their difference of longitude. 

To find the re The ſolution falls under Art. 150, 151. Book IV. 

| To find the diſtance AB. 


As radius, Or, As radius = go%co” 10,c0009 
To coſ. Zr; To col. diff. long, = 57 43 9,72763 
So tang. PB, So tang. Berm. co-lat.= 57 25 10,19442 
To tang. M. To tang. fourth arc = 39 53 . 9.92205 
- R Which taken hom? i 109 5 5 ⸗ St Helen'sN. 
— A [polar diſt, 
Leaves a fifth are = 66 c2=n. 

As coſ. , Or, As cof. fourth arc = 9 53 O,11501 
To coſ. x; Io coſ. fiſch are = 66 02 9, 60874 
So coſ. pB, So fin, Bermudas lat. = 32 35 9.73121 


— — 


— — 


To coſ. as. To coſ. diſtance = 73 26 9, 45406 
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| To find the angle of poſition PAB. 


The fourth and fiſth arcs being found as before. 


As fin. n, Or, As fin. fifth arc ,= 66% 02” 003916 
To fin. u; To fin fourth arc = 39 53 9.80701 
| So tang. Cr, So tang. diff, long. = 57 43 10,19944 
e To tang. A. To tang. I poſition AB 48 co 10,0456 
a To find angle of poſition ABP. is 
, As fin. B A, Or, As fin. of diſt. = 73% 26' 0,0184r 
To fin. r; To fin. diff. long, 2 57 43 9.92797 
80 fin. Pa, 1 Soſin. St. Helena's N. P. diſt. ioꝶ 55 9.98302 
To fin, CABT. To fin. C poſition apy = | 589 017 9,92850 


But becauſe the given difference of latitude is'leſs than 90®, and the 
? ſide PA greater, the angle AB mult be greater than go? ; and is, there- 
fore, 1219 59/, which is the ſupplements of 58017. 


ts So that were a ſhip to ſail from St. Helena to Bermudas on the arc of 
a great circle, ſhe muſt firſt ſhape her courſe N. 489 O ο W., and gradually 


he alter it from the north towards the weſt, ſo as to arrive at Bermudas on 
4 a courſe N. 58 W., after having run 73267, or 4406 ſea miles. 


The courſe found by Mercator's failing is N. 4845 W., and the diſ- 
q tance is 4414 miles, . OY „ Al 


By this it appears, that when the places are one in N. latitude, and 
y the other in S. latitude, and neither of them far from the equator, here 


is but a ſmall difference between the reſults found by Mercator's and 


great circle ſailing: for near the equator the rhumb lines do not differ 


65 greatly from great circles. 

Al From the ſolution of the foregoing caſes it is plain, that to ſail on the 
0; arc of a great circle, the ſhip muſt continually aker her courſe. But as 
och this is a difficulty too great to be admitted into the praftice of Naviga- 
N tion, it has been thought ſufhciently exact to effect this buſineſs by a 
iſt, kind of approximation; that is, by a method which nearly approaches to 


failing on a great Circle. 


108. The principle upon which this approximation is fqunded, is that. 
in ſmall arcs, the difference between the arc and its chord, o“ tangent, is [a 
mall, that they may be taken one for the other in any nautical operations, _ 


R 3 Upen 


» 
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Upon this principle, the great circles on the earth are ſuppoſed to be 
made up of ſhort right lines, each of which is a ſegment of a rhumb 
line. | 

And on this ſuppoſition the ſolution to the following Problem is 
founded. 


PROBLEM II. 


109. Having given the latitudes and longitudes of the places ſailed from 

4 beund to. to find the ſucceſſive latitudes on the arc of a great circle in theſe 

places where the alteration in longitude ſhall be a given quantity; together with 
the courſes and diſtances between thoſe places. 


SOLUTION. 


I. Find the angle of poſition at cach place, and their diſtance by one 
of the preceding fix caſes, | | 


II. Find the greateſt latitude the great circle runs through; that is, 

find. the perpendicular from the pole to that circle; and alſo find 

the ſeveral angles at the pole, made by the given alterations of 

| longitude between this perpendicular and the ſucceſſive meridians 
come to. 


III. With this perpendicular, and the polar angles ſeverally find as 
many cotreſponding latitudes, by faying (IV. 148): 
As rad.: tang. greateſt lat.:: cof. 1ſt. polar Z: tang. ft. lat. 
3 | :; coſ. 2d. polar : tang. 2d. lat. 
Ec. | Sc. 


IV. Having the ſeveral latitudes paſſed through, and the difference of 
| longitude between each, find, by Mercator's failing (57), the 
courſes and diſtances between thoſe latitudes, 


And theſe are the ſeveral courſes and diſtances the ſhip muſt run to 
keep nearly on the arc of a great circle. | 92S) 

The ſmaller the alterations in longitude are taken, the nearer will this 
method approach the truth ; but it is ſufficient to compute to every five 
degrees ot 050 of longitude: the length of an arc of five degrees 
differing from its chord or tangent only by o, ooo; as may be found from 

the Articles 25. 31, 33. Book III. | | 


110. QuesTion I. A ſhip being bound from a place in lat. 37% 00 N. 


long. 22050 L., to a place in the ſame lat. and in long. 769 2IV., it ispro- 


- poſed ſbe ſhall ſail as near the arc of a great circle as ſhe can, by altering bir 
colir fe at every five degrees difference of longitude ; required the latitude at each 
. time of "altering the*courſe, and alfa the courſes, and diſtances between iboſe 


Place 


ſeveral latitudes,” 


6 


mY ” 


Fook VIII. GLOBULAR SAILING. 199 


Place ſailed. from lat. is 3720/N. the long. 229 56 W. 
Place bound to lat. is 37 oo N. the long. 76 23 W. 


The diff. of long. 53 27 


The figure being deſcribed, and the computation made as in Art. 104. 
the diſtance BA is found to be 42 06”, and the CA or £B=739 o', 
the angle of poſition. Plate XIII. Fig. 9. ; 

Now the triangle APs, being iſoſceles, the perpendicular pi falls in the 
middle of A; and the latitudes, courſes, and diſtances, being known in 
running the half B1, thoſe in the half 1A will alſo be known. 

Let the points a, b, c, d, &c. be the places arrived at on each altera- 
tion of five degrees of longitude : then will the arcs Pa, 25, Pc, pd, &c. be 
the reſpeCtive co-latitudes of thoſe places, and are the hypothenuſes of the 
right=angled ſpheric triangles P14, P16, Pic, PId, &c. 


ö : As rad, = go 00” 10, ooooo 

: In the triangle 2 To fin. ps 2 53 00 9.90235 
Given Py A 33 oc So fin. E = 73'09 9.98094 
PBI = 73 09 — 


To find pi. 


— — ͤ' 


To ſin. ri = 49 51 9.88329 


; f 0 a -/ : 
woe EE, (>) 20% 4373 41Pa=21% 4.37; £1P6=160 437"; 


Lic = 11 43H; Cird gg 437, are the ſeveral polar angles. 


— — 
— on 


21434/16437“) 11 434 6? 433” 

Then rad. = o oO 10,0000 10, ooo 10, ooo 10,00000 
To cot. 21 = 49 51 9,92612| 9,92612| 9,92612| 9.92612 
So col. polar angle 9,96800| 9.98 123 9,99084| 9, 99700 
To tang. lat. 9.894 12 9.90735 9.91696 9.92312 
Which are 389 0500 389 50 399 33/1 39" 5 


The degrees and min. ſet over each column, are the polar angles uſed 
in that proportion, and the correſponding latitudes ſtand at bottom. 

111. The firſt term of theſe proportions being radius, and the ſecond 
term conſtant, the operations may be very expeditiouſly performed thus. 

On a oy of paper let the log. of the ſecond or conſtant term be writ- 


ten of the 


me ſize with the printed figures; apply this log. cot. ſucceſ- 


fively to the log. co-fines of the polar angles: Then the ſum of the two 


logs, being written down each time 


{cveral latitudes arrived at. 


By this method, each proportion will be worked 


one line. 


Hence it appears, the ſhip muſt firſt ſail from the 
1 or N.; thenee to lat. 38 56ᷣN 


at, 39% 5 N 


„ will give the log. tangents of the 
by writing down only 
| lat. 37* oN. to lat. 
; thence'to lat. 390 33; thence to 
.z thence to lat. 40% 09/N., which is the greateſt latitude 


ſhe muſt go to; and from thence ſhe muſt proceed through the latitudes 
39 57, 399 33'; 38“ 56', 382 05”, and ſo to 37% 00", the parallel ſhe 
et o 


ut from, and in which the is to find the place ſhe is bound to. 


R 4 
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- ————— ä 
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ſailing, be entered in ſuch a table as the follow 
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Now between theſe ſeveral latitudes, with the teſpective differences 
of longitude, find by Mercator's failing, Art. 57, the courſes and di- 
ſtances. | s 
Tf the reſults of the ſeveral operations, in the queſtions of great circle 


ing, it will be found of 


ſome convenience to the operator. 


icceſl.|Succefl, Diff. Diff. Merid Merid. . 
Polar angles. — lats. | long.] lat. | parts | d. lat. Cour pie | 
—  — | — —— — — — 

7 1yB 2694323]:29 56˙%j3;7“ 00/ 2392.6 : | 

Z1ea 21 434 [27 56138 o5;o0 | 65 [2474,6] 82,0 [74,43] 240.6 
£.1eb 16 432 32 56138 561300 | 51 [2539,8| 65,2 177,44] 240, 
ire 11 434 [37 56 30 331300 | 37 |2587,6] 47,8 30,6 2355 
ir 6 43 62 5639 571300 | 24 2618,83, 2 [84.04] 232, 
| 149 394149 09 403, 5 12 es 15.7 Ee? 307.9 
| | | e * 


working the logarithmic proportions on a waſte 


In the firſt column are the angles at the pole contained between the 
perpendicular and the ſeveral meridians differing by 5 of longitude. 

ln the ſecond column, the departed longitude 220 56/ being increaſed 
by the differences of longitude, make the ſucceſſive longitudes come to. 
In the third column are the ſucceſhve latitudes paſſed through in tait- 
ing from the place ſet out from to the greateſt latitude. : 


la the fourth and ſiſth columns are the differances 
tudes and latitudes in the ſecond and third columns. 


between the longi- 


In the ſixth column are the meridional parts to the ſucceſſive latitudes: 
and in the ſeventh column are the meridional diff of latitudes. ; 
The eight and ninth columns contain the courſes and diſtances be— 
tween the places anſwering to the ſecond and third columns. 
The numbers in the third, eighth, and ninth columns, are found by 


here omitted, as it is ſo eaſily ſupplied. 
No the column of diſtances being ſummed up amounts to 1261,9; 


which bein 
two places. : | 
And the courſes the ſhip muſt ſteer are, 1ſt. N. 


* 


run the reſpective diſtances ſtanding againſt them. 


The Liz aad's lat. is 49% 5% N. Long. g 1 W. 
Place bound to lat. is 32 25 N. Long. 66 45 


paper; but the work is 


g doubled giyes 2523,8 miles for the diſtance between the 


f 4% 43, W.; 
2d. N. 7744 W.; 3d. N. 80 57 W.; 4th. N. 84% W.; 5th. N. 87? 
460 W.; 6th. S. 8740 W.; 7th. S. 84% Oo W.; 8th. S. 80% 57 WM 
gth. 8. 77 44 W.; oth. S. 74 43 W.: and on theſe courſes the mutt 


112. QuesT1oON II. 7t is propoſed that a ſhip, brund from the Lizard t1 a 
place in lat. 32? 25/N. and long. 66® 45, W. ſhall fail in a great cir, and 
alter her courſe at every froe degrees of longitude: required the latitudes thraug) 
which the ſhip is to paſs, and aljs the courſe and diflance between each. 


W. 


Diff long. 61 24. 


Having deſcribed the figure, Plate XIII. Fig. 30, and found the 2 A⁰ 


240 35% the Lr 


Art 106 


. 


na 87 15”, and the fide AB=479 540, as in 


Draw 


1 


2 


R 


8 
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Draw Pl at right angles to aa. | (IV. 73) 

In the equator, lay off from the center the tangents of 5, 10, 15, 20, 

t&c, to 55 degrees; and thoſe points give the centers to the arcs of co- 

lat. to every 5 diff. Jongitude. 1 1% Ns, 
To find the perpend. pr. © © I + - To find the polar angle avi. 

As rad. 2 g69 oo ito,00000| As rad. '= 9o oo! 10,00000 


To ſin pa = 57 35 9.92643 To tang. Za = 49 35 10,06998 


So fin, Fa = 49 35 9Yy,88158|Socol. ar? = 32 25 972922 
| F530 propria ib „ I0360 — 
To fin. 1 = 40 00 9, 80801 To cot. Lars = 57 48 y9g,79900 


Now the polar angle AP1, or the diff. long. between the perpend. 
pi and the meridian of the place bound to, 57 48, being taken from 
619 247, the whole diff. long- leaves 3 36” for the diff. long. between 
the Lizard and the point 1. Alſo 35, the propoſed alteration of longi- 
tude, being ſubtracted as often as can be from 57 487, leaves the ſe- 
veral polar angles; with which, and the perpendicular Pr the {ſeveral 
latitudes arrived at are found by Art. 111. . 

Then having thoſe latitudes, and the differences of longitude between 
them, find the ſuceeſſive courſes and diſtances by Art. 57. n 

Let the ſeveral reſults be placed as in the following table; the loga- 
rithmic work being performed on a waſte paper is here omitted. 

Alſo, ſuppoſe the'ſmall.letters in the figure ſupplied, 


Succell, Succeſſ. Bit. 5 f. Merid. Merid. 
longs. | lats. long.] lats. parts. | d. lat. 


Courſes 


| Polar angles.- 


@ 0 | 7 bs © Booty 
2 4 * 3.1 e 5 2 
yoo] „ f , be 
. */] 410/82 | 06+ 


Lire 12 48|a1 38 49 17 3408,10 01-8 | 
ILied 17 48 26 38048 37 306 5 3347. 4. . 
Liee 22 48 [31 38047 42 * $21 320447 2 


Ci, 27 4836 38146 31] 300 681 3150,40 212 
2 32 * 41¹ 38 45 03 IE 106 3934-2] 145-8164 cd 
iP 0! 2 244 ps 2 
37 43149) 35143; 7355 127 425 177,5 15 


1 47 48 6 38 38 41 3907-249 252075 194,457 03 
L1el 52 48 [61 38 36- 46| ae 8 2300, 22 53 45 
. [65 38 32 25 3 2 205 8, o + 751 02 


| | 3 1 wi) 
Now the ſum of the ſeveral diſtances make 287 1,8 miles. 
But the diſtance'in the arc of a great cirele is 2874 miles, 
The difference of the two methods is therefore 2,2 miles. | 
In this example it was judged neceſſaty to keep the fractional place 
in the meridional parts, in order to have the diſtances more accurate.” 


113. QuesTIOn III. A ſhip being bound from a place in lat. 169 oh- S. 
long. 69 15” W. to à place in lat. 32% 25” N. long. 669 38. W. it is pro- 
bejed ſhe ſhall ſail near the arc of a great circle paſſing through thoſe places, 


and. 


N 
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and aller ber courſe at avery * of lonyitude + required the latitudes uber. 
thoſe courſes are to be altered, and alfa the courſe and diflance between each 
place of alteration. . N "© 
Place ſailed from lat. 16* 00'S. Long. 615 W. Diff 1 

Place, bound to lat. 32 25 N. Long. 66 W. . 

Having deſcribed the figure, Plate XIII. Fig. 31. and found the / p34 
2 5% APAB=499 20“; and the diſtance AB 75 10); as in 

107. 9 * 2 | | 

In the equator QF, lay off from x the tangents of 5, 10 159, &. 
to.55* 3 and thoſe points will give the centers to the meridians paſſing 
through every five deg. of long. between the two places. 

To find the perpendicular. To find the polar / BPi. 

As rad, Wo ref wt oo” wr FEY RE; 2 505 He, 10,00000 
To fin. rn = 57 35 9.92643 So coſ. By = 57 35 972922 
So fin, C rBi = 59 45 9.93643 S0 tan, A D = 59 45 10,23419 


* 


To fin, 11 = 46 49 9,6286 To cot. BI = 47 25 9.96341 


Now the ſeveral polar angles, longitudes, latitudes, diff. of longs., 
diff. of lats., mer. parts, mer. diff. of lats., courſes and diſtances, being 
2 on a- waſte paper, their reſults are to be entered in a table az 

ollows. N 5 


TSucceſt.ſSuccenl.] Bicf. Dit Mer | Mer. | 
| Polar angles. longs. lat. [lats. parts. d. lat Courſes Dill, 


— 


: * + 


1-69 157116%00'S] - : 

14 12/ =102948]:1 5 11 2 hoe 1 785 — 4 720 ; pong 

1714 = 3 16 1 1 e Game, 
2 = — 18 21 15 2 38 A 758 279 [47 ©5 408.3 
ut 07 4% 640 8 2 12+ | bo f 58| 7 
12g = 6 a © 5 
— eg _ % 2 11 — Ws Rokr Fra 27347 42 | 491,2 
Irre = 72 48 I 15 15 31 | 300 258 943 266 48 26 388,2 
L1Pd= 67 48 46 15 19 32 300 241 1195 252 49 £1 374.7 
Lire 62 48 {51-115 23 13 4 22 1433 23851 34 355˙5 
Zur 57 48156 15|26 34 | 300) 780154 221153 37 395 
L1Pa= 52 48161 15129 34 300] 180 i858 | 224155 47 | 32% 
| 7 323] 1710056 200158 14 | 2248 


39 32 25 
| 1 | 451943] 


114 The track of a ſhip when directed nearly in the arc of a great 
circle, as in the preceding articles, may be delineated on the Mercator's 
chart, by marking on it, by the help of the latitudes and longitudes, 
the ſucceſſive places where - ſhip. is to alter her courſe; then thoſe 
places or points way joined by right lines will ſhew the path, along 
which the ſhip is to ſail under the propoſed circumſtances. | 

Thus in Plate XII. the route propoſed in Queſtion II. Art. 110, is 
drawn from the Lizard to Bermudas, the ſituations of thoſe two places, 
as they are laid down in that chart, being thoſe propoſed in this example. 
And notwithſtanding this track on the chart appears much longer than 
the rhumb paſſing through thoſe two places, yet it muſt be remembered, 
that theſe rhumb lines are only the” repreſentations of curves on the 


ſphere, the abſolute lengths of which are not hereby expreſſed. 
SECTION 
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8. EO TT VIE: 


07 the errors ariſing, in the caſes of Sailing, 
upon the ſuppoſition that the Earth is not a 
A 1 


"115. The reaſoning and concluſions in the preceding Sections of this 
Book, have been delivered in the opinion that the Earth is a ſphere!; but 
it has appeared from many obſervations made ſince the year 1672, that 
its figure is not that of a perfect ſphere ; its axis, or polar diameter, be- 
ing ſhorter than the equatorial diameter. in tt t b 

bis notion firſt aroſe from obſervations made on pendulum. clocks ; 
which being fitted to beat ſeconds in the latitudes of Paris and London, 
were found to move ſlower as they approached: the equator; and the 
pendulums were obliged to be ſhortened about = parts of an inch, to, 
agree with the times of the ſtars paſſing the meridian (V. 264). This 
difference in the lengths of the pendulum appearing to thoſe great men, 

Huygens and Newton, to be a much greater quantity than could arife- 
from the alteration by heat only, they, ſeparately diſcovered that the 
Earth was flatred at the poles “; and Sir Iſaac Newton has ſhewn in his 
Principles of Natural Philoſophy, that this flatneſs is about 17 15 miles, 
and that the polar diameter is to the equatorial diameter, as 229 is to 230. 


* To give the learner a notion how this concluſion, was drawn, it bas been 
thought pioper to add what follows, collected chiefly from Newton's Princip. 
Book III. Prop. 18, 19, 20. | ar nv l 9h 

CenTRIPETAL FORCE is, like Gravitation, that power by which heavy 
bodies tend towards a center, b 

CenTRIFUGAL Force is that by which bodies recede from a center; in 
the manner that the particles of water and thrumbs fly from a whirled mop. 

The ſwifter the mop is whirled, the greater is the centtifugal force, and 
the particles fly off with greater velocity. e 

The diurnal rotation of the Earth gives to all its parts a centrifugal force, 
by which the parts receding from the axis endeavour to aſcend about the 
equator ; for if it was not higher there, the ſeas, from the centrifugal focce, 
ſubliding about the poles and tiſing towards the equator, would lay all things 
there under water, | | 

Bodies ated on at the ſame time by a centripetal and a centrifugal force, 
have their power of gravitation leſſened. | | 

A falling body moves ſwiſter as it approaches the Earth. | 

Gravitating bodies move ſwifter as their gravity increaſes; and the contrary. 

A plummet at the end of a firing, or a pendulum, when made to ſwing, 
returns to its loweſt point by its weight or gravity. [= 

And the ſlower the vibration of the pendulum is, the leſs its gravitation, 
Conſequently, the fame pendulum vibrating flower than would ariſe from 
its lengthening by heat, ſhews a decreaſe of gravity in that pendulum; and 
as this decreaſe of gravity became gradually greater in approaching the equa- 
tor, the Earth mutt be more prominent there than at the poles ; that is, the 
Earth is a little flatted at the poles. ST 


116. But 


— 
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116. But notwithſtanding the ſcientific deduQions of this molt ac- 
curate mathematician, many of the philoſophers in France embraced 
the ſtrange notion of the Earth's being of an oblong figure, the polar 
diameter being the longer. And as theſe diſferent notions were ſup- 

ſed to retard the general progreſs of ſcience in France, their King 
reſolved that the affair ſhould be determined by actual menſuration at 
his own expence, Accordingly, about the year 1735, two companies 
of the moſt able mathematicians of that nation, were appointed; the 
one to meaſure a degree of a meridian as near the equator as-they could; 


and the other company to perform a like operation as near the north . 


pole as could be conveniently attempted. 

117. For, the Earth being ſuppoſed a ſpheroid, and conſequently e- 
very meridian an ellipſis, it was known, as a mathematical problem, 
that the reſpeCtive meaſures of a degree of a meridian in each of two 


known diſtant. latitudes being had, the relation of the diameters could 


be found : and, that if the meaſured lengths of thoſe degrees increaſed 


towards the pole, the figure would be that of an oblate ſpheroid, ſuch 


as Newton aſſigned; otherwiſe, its figure would be an oblong ſpheriod, 
ſuch as was infiſted on by Caſſini. Now the length of a degree of the 


meridian between Paris and Amiens, or which had its middle point in 


latitude 49* 22' N, was underſtood to be 57060 toiſes; * having been 


meaſured by Picart, in 1670, and being re-examined by Caſſini in 1701. 


And this length was to be compared with the length of a degree mea- 
ſured at the polar circle and the equator. a ; 

118. Ihe gentlemen appointed for the northern expedition were 
Meſſieurs Maupertuis, Clairaut, Camus, le Monnier, and Outhier of France; 
who were joined by M. Celſus, an eminent aſtronomer in Sweden. 
The company proceeded to Swediſh Lapland, and began their opera- 
tions in July 1736, which they finiſhed in the following May ; and 
among many other curious and uſeful particulars they obtained the mea- 
{ure of a degree, the middle point of which was in the latitude of 66 200 
N., and found it to be 57438, 9 toiſes, when reduced to the level of the 
ſea; and diſcovered that the Earth is flatted at the Poles, the proportion of 
of the equatorial diameter to the polar diameter being as 1 to 0,9891. 

119. The other company of gentlemen, who were ordered to the ſouth, 
conſiſted of Meſſieurs Godin, Bouguer, and la Condamine, of France; to 
whom were joined Don Forge Juan, and Don Antoine de Uiloa, of Spain. 
Theſe mathematicians departed from Europe about the middle of the 
year 1735, and began their operations, in the province of Quito in Peru, 
about October, 1736, ahd finiſhed them in eight years, after many in- 


terruptions. Among the valuable pieces of knowledge reſulting from 


their obſervations, it appears that the Earth is flatted at the poles. 

120. The Spaniſh gentlemen, who publiſhed their account ſeparately, 
aſſign 56767, 8 toiſes for the meaſure of a degree of the meridian at the 
equator, and 266 to 265 ; or 1 to 0,99624 tor the ratio of the equato- 
rial to the polar diameters of the earth. 


2 


— 


ah 2 * —_ 4 II 
* 


* A meaſure containing 6 French feet, or 6 feet 4; inches Engliſh, near- 
ly: the French foot being to the Engliſh ſoot as 1 to 1,068, 15 
N . u- 
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M. Bouguer gives for the meaſured length of a degree of the meri- 
dian at the equator 56753 toiſes, when reduced to the level of the ſea, 
and makes the diameter of the equator to that at the poles, as 179 to 
178; or as I t00,99441. | hs 3 | 

M. de la Condamine gives for the meaſure of a degree under the 
equator, a length of 56749 toiſes. | | 

M. De la Caille, being at the Cape f Good Hope in 1752, found the 
length of a degree of the meridian latitude 33® 18F' S. to be 57037 
toiles, | | LD | 
In 1755, Father Boſcowich found the length of a degree in latitude 
43e N. to be 56972 toiſes, as meaſured between Rome and Rimini in 
Italy. In the year 1740, Meſſieurs Caſſini, the younger, and De la 
Caille again examined the former meaſures in France; and after making 
all the neceſſary corrections, they found the meaſure of a degree, the 
middle of which is in 49? 22“ N., to be 57074. toiſes; and the length 
of a degree of the meridian in latitude 459 to be 57050 toiſes. 

121. M. de Maupertuis has added to his narrative of the obſervations 
made by himſelf and his aſſociates in the north, a method of computing 
the proportion between the polar and equatorial diameters, from the 
meaſurements taken in any two different latitudes ; but he ſolves the 
problem by an approximation only. Among the curious problems, 
communicated by Mr. Fones to Mr. Gardiner, and publiſhed by him in 
his quarto edition of logarithmic tables, there is the reſult of a true 
ſolution of this problem, but without either analyſis or demonſtration. 
While I was intent on an inveſtigation of the ſolution, Dr. Pemberton 
was pleaſed to put into my hands a very elegant one of it by his friend 
Dr. Letherland, with leave to communicate it to the public; and I ſhall 
accompany it with ſuch other problems, as are requiſite for applying this 
ſolution to the purpoſes of navigation, the whole compoſing the ſeries 
of problems following. | 


u WW 


Suppoſing the Earth to be a ſpheroid, having its axis leſs than the equatorial 
diameter, to find the proportion bettween the axis and that diameter from 
meaſures of a degree of the meridian taken in tuo different latitudes, 


i. ANALYSES | Ws 

Let apap be an ellipſis repreſenting a ſection of the Earth through its 
axis Pp; the equatorial diameter, or the greater axis of the ellipfis, be- 
ing aA; let E and y be two places, where the meaſure of a degree has 
been taken : theſe meaſures are proportional to the radii of curvature 
in the ellipſis at thoſe places; and if c CR are conjugates to the dia- 
meters, the vertexes of which are E and Fr, c will be to CR in the 
ſubtriplicate ratio of the radius of curvature in E to the radius of cur- 
vature in *, and therefore in a given ratio one to the other. Then qv 


— 4 * 


dee Milne's Conic Set, Cor, I. Prop. IV. Part vI. 
| 5 and 


_— CC £ 
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and Rzs being drawn pa- 
fallel to yp, and xv. 
parallel to aa, the angles 
QCP, RCP, are the lati- 
tudes at E and F ; ſo that 
theſe angles, and the ra- 
tio of c to CR being 
given, the rectilinear fi- H 
gure CVQxXRY is given in 
ſpecies : and the ratio of 
vci—zct{=qQxxxW)to 
Rz — Q (RX N 2s) is 
giren. which 1s the ratio 
of Ca to CÞP3. There- 
fore the ratio of Ca to cp 
is given. | 
| Hence, if the fine and co-ſine of the greater latitude be each aug- 
mented in the ſubtriplicate ratio of the meaſure of the degree in the 
greater latitude to that in the leſſer, then the difference of the ſquares 
of the augmented fine, and the fine of the leſſer latitude, will be to 
the difference of the {quares of the co- ſine of the leſſer latitude and the 
angmented co-line, in the duplicate ratio of the equatorial to the polar 
diameter. | 

For cq being taken. in c equal to CR, and qv drawn parallel to qv; 
cv and vg, cz and zx will be the fines and cc-ſines of the reſpective 
latitudes to the ſame radius; and cv, vd will be the augmentations of 


. 


c and c? in the ratio named, 


123. 5 CoroLLary I. 

If one of the degrees meaſured is at the equator, the co- ſine of the 
latitude of the other being augmented in the ſubtriplicate ratio of the 
degrees, the tangent of the latitude will be to the taugent anſwering to 
the augmented co-fine in the ratio of the greater axis to the leſſer. 

For ſuppoſing the place out of the equator to be E; if the ſemicircle 
lun p be deſcribed, and ic joined, and m2 drawn parallel to ac; co is 
the co- ſine of the latitude to the radius cp ; and c that co- ſine aug - 
mented in the ratio named; Ye being to y/, that is, ca to c or CP, as 
the tangent of the angle vc, the latitude of the point E, to the tan- 
gent of the angle yc/, appertaining to the augmented co-fine. 


n535; CoRoOLLARY II. | 

In this caſe, half the /atus rectum of the greater axis aA, being the 
radius of curvature in A, is given in magnitude from the degree mea- 
ſured there ; and thence the axes themſelves will be given in magnitude. 


2g Corollary III. 
Hence alſo'the proportion of the axes being given from any two mea- 


ſurements, the /atus refum of the greater axis, and the axes themſelves, 
will be given in magnitude, For if an angle be taken, the tangent of 


which 
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J. | 
| which ſhall be to the tangent of either latitude, as the lefler axis to the 
greater, the meaſure of a degree in that latitude, will be to the mea- 
ſure of a degree at the equator, in the triplicate ratio of the co- ſine 
of this angle to the co- ſine of the latitude. „„ : | 
Thus E being one of the places meaſured, the tangent of the angle 
vch, will be to the tangent of vc, the latitude of the point E, as v 
to YQ, that is, as the leſſer axis to the greater; and C: cl: :5,clv ; 
$CQY : cf. ICY : coſ. Qcy, QC< being to cl (ce) as the radius of cur- 
rature in E to the radius of curvature in A, that is, as the meaſure of 4 
degree in E to the meaſure of a degree in a. | 
And thus both the figure and magnitude of the Earth may be deduced 
from any two meaſurements given. 
126, PROBLEM II. pr 
The Earth being ſuppoſed a ſpheroid, to find the ſemi-diameter of a pa- 
I rallel to the equator in any given latutude. | | 
e | 
8 Let PDA be one fourth part of 
0 an elliptical meridian, where ca, 77 DJ 
0 the greater ſemi- axis, is the ra- 
* dius of the Earth's equator; and P 'R 
f let Br be drawn to touch the el- | 
4 lipſis in D, and make with CA an D 
1 angle cBD equal to the comple- 
f ment of the latitude given; then 
is D the place on the Earth hav- 
ing the given latitude; and the - L 3 
circular quadrant AF being de- 0 = 
* ſcribed with the radius Ca, let EH be drawn parallel to the leſſer ſemi- 
1e axis CP of the ellipſis; then BH, ch being Joined, BH touches the arch 
to AF in H, and is perpendicular to cy. © | 
Now as GD: GH (that is, cp: ca) :: tang. LoD: tang. RR 
le | 5 : cot. latitude : cot. . cn 
is Hence the angle och is given; and radius is to the co-fine of the £.GCH, 
g 35 CH to CG. Whence CG is given, which is equal to the ſemidiame- 
as ter of the circle pallng through », parallel to the equator, 
1 
127. PROBLEM III. 
he The ſpheraidal figure of the Earth being ſuppoſed, to meaſure the elliatic 
"7 arch correſponding * —— latitude. Krb fe 5 * 
e. | 
M. Clairaut, one of the gentlemen engaged in the northern expedi-. 
tion, obliged me, when he was in London, in the year 1753, with the 
= following ſeries for meaſuring an elliptic arch. | 
75 „H in the preceding figure ac be denoted by a, ce by b, and aa— 
of *bb by ce; then, S denoting an arch in a circle the radius of which is 


unity, 
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e unity, which will meaſure the angle Saen the atitude of the point o, 
& AD will be equal to 

* + 3 * X83 wt 15 64 e* xn. 25 + er 
„„ * wat 

© Bnt in regard to the 8 all the powers of c above cc may b 

1 lected, and the arch Ab ee as equal r 


46 00 r „8 VA 


— fn. 28. 
4 Or to * — 2＋ gcc . 8 * x tabular ſine of twice the lat 
$4 radius 
Whence "uk a circle be conſtituted, the radius of which i Res: — 0e 


. a 
then in this circle, the arch which meaſures the latitude, will exceed an 
bbce tab ſine of twice the lat. Zbbee 
$43. radius. 8 
as the fine of twice the latitude to radius. 


, that 1s, this exceſs will be to 


CoRoLLARY. 


When AD becomes the elliptical quadrant Ap, the fine of twice 
the arch correſponding to the angle Oo: vaniſhing, ae will be 
equal to the quadrantal arch of the ſaid circle, the radius of which i 


bb x 4aa-þ+ Zee 


4a? +2 
128. „ PROBLEM IV. 


To find thy meridional parts in the chart of Mercator's farm for any gira 
latitude, the earth being a ſpberoid. 


The late Mr. 11 in his Treatiſe on Fluxions * „has given this 
rule for reducing the meridional parts of the ſphere to the ſpheroid; 
take an arch, the fine of which is to the ſine of the latitude, in the 
proportion of the diſtance of the foci in the generating ellipſis, to the 

reater axis; and diminiſh the meridional parts in the ſphere by a num- 
ker, which ſhall be to the ſpherical meridional parts appertaining to 
this arch in the ſame proportion. 

But in the Earth this arch will be ſo ſmall, that its fine, the arch itſelf, 
and the ſpherical meridional parts, will not differ ſenſibly from each other: 
whence the number to be deducted from the ſpherical meridional parts 
appertaining to the latitude ſhall be to the number of minutes contained 
in the ſine of the latitude in the duplicate ratio of the diſtance of the foci 
to the greater axis. Therefore in the preceding propoſition, c being 


half the diſtance between the foci, the reduction of the meridional parts 


in the Ros to the vibes will be— 12 * 34373 fin. lat. 


radius 


wad. 


— 


-* Article E98. See alſo Phil, TranſaQ. Vol. 41. page 808. 
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oc in the de Bt 1. —— > 34372 fin. lat. 


age radius. 
Arplication of theſe problems to the feveral meaſurements ab5ve-mentioned,. 


127. For finding the ratio between the two axes of the Earth by Prob. I. 
Let E denote the greater, and F the leſſer of the two htnudes, M and N 


the reſpective meaſures taken in each: and let 0 denote VE. 


Then an Ms *., K, 1 2 leſſer axis 
O, E -, F greater axis 
Alſo if u repreſent the meaſure in a latitude denoted by E, and * 
the ente at the equator; 1 A denote an angle, the — of which 


19 ** 93 0 
1 1 
Then is = 2 axis 
1 greater axis 


129. The lengths of a degree FA a meridian, obtained by N n 
menſuration in different latitudes, are the following. 


Maupertuis and aſſociates in lat 669 29” found M=57438 toiſes. 


a ; 5 2 M= 57074 
Caſſini and De la Calle ä n=37oge 
Boſcowich "7 WS", 56972 
De la Caille 33 18 8 257037 
Juan and Ulloa e * K =56768 
Bouguer at the equator J M=56753 
De la Condamine = 7 | M=50749 


Now by coraparing the 1 with each of the following; the 2d with 
each of the following ; and in like manner the 3d, 4th, and 5th, with 
each of. the following, there will ariſe 25 reſults, each ſhewing the re- 
lation of thoſe axes or diameters z which lan are here annexed to be 
compared. 


I. Comparing the 1ſt with each of the following. 

Putting k for 66“ 20, and F for each of the following. Then 
log. of o will be =0,0009203 or 0,0009812; or 0,c00117933 or 
„00101423 or o, oo 16986 or o, 017368; or o. 00 17470. Alio 
1 E * — , F o, 2665 log: or o. 34266503 oro, 3783 273; or o, 5413670. 
*5,F -E XO go, 26226305 or o, 338 1362 ;or o, 3728667; or o. 5 20085 5. 

Alſo, at the cqualory log, t, A = 10, 35625 143 or 10, 35619433 or 
10, 3561372. 

And the ratio of the greater axis to the leſſer will be found to be as 
1 to 0, 9919994; or t9.Q,99337 3 or to o, 9927763; or to „9945213 
or to „995435 z or to Whos bs or to o, 9951407. 


Vox. II. 8 II. Putting 
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II. Putting E for 49 227, and F for each of the following. Then log. 
o will be=0,0000609 z or o, ooo2 589; or 0,0000939 z or o, ooo 782; 
or 0,0008165 ; or o, oo08 267. 8 | 

And the ratio of the greater axis to the leſſer will be found to be as 
1 to0,9981542 ; or to 0,9946330; or to o, 9992120; or to o, 9968662; 
or to o, 9967689 z or to o, 99667 10. c 

III. — E for 45, and er for each of the following. Then 
log. of o will be = 0,0c01980; or 0,0000330 ; or 0,0007173 ; or 
0,0007556; or 0,000765B. | fic 

And the ratio of the greater axis to the leſſer will be found to be as 1 
to 0,9870030 z or to o, 9996164; or to 0,9967087 3 or to o, 9965 152 ; 
or to 0,990467. 5 : 

IV. Porting x for 43?, and comparing it with the equatorial mea - 
ſares (for I do not compare it with that of 335 187, becauſe this com- 
pariſon would require the Earth to be oblong, contrary to the tenor of 
the other obſervations,) and it will be found, that the ratio of the 
greater axis to the leſſer is as 1 to 0,9974272 or 1 to 09972334; or 
1 to 0,9971849. | 
V. Putting E for 33* 187, and comparing it with the equatorial mea- 
ſures, it will be found, that the ratio of the greater axis to the leſſer is 
as 1 to 0,9949364 z or 1 to 0,9946205 ; or I to o, 9935677. 

The arithmetical means of the ſeveral compariſons are 0,9940688 ; 
©0,9946736 ; 0,9952621; , 99728 18; 0,9947082. od 

And the mean of all of them is o, 995 1989. 


130. REMARK. 


The latitudes of 49 22/ and of 45 fail within the meridian line 
drawn through France, the meaſures of which formerly taken have been 
re-examined, and corrected, ſince the northern and ſouthern expedi- 
tions. If we compare theſe only with thoſe two different meaſurements, 


that by Mr. Maupertuis and his affociates in the north, and that by) 


Bouguer at the equator, the ratio of the greater axis to the leſſer will be 
reduced to theſe fix, viz. as 1 to o, 9919994; or 1 to 0,99337 3 Or 1 00 
o, 9952717; or 1 to o, 9981542; or 1 to o, 9967698; or 1 to o, 9965152. 

The arithmetical mean of theſe ratios, viz. of 1 to o, 9953407, may 
be taken for the ratio of the greater axis to the leſſet; which is 2: 
230 to 228, 92974, or very near the ratio aſſigned by Newton. 


131. The proportion of the axes being given, to find their magnitude fron: 
a meaſurement at the equator, FF | | 


The circular arch equal to the radius is 57,29578' degrees; there- 
fore this number multiplying the meafure at the equator, gives the ra- 
dius of curvature there; which is half the latus redtum appertaining to 
the greater axis; and this is to half the leſſer axis in the ratio of the leſſet 
axis to the greater: hence firſt the lefler axis, and then the greater will 
be made known. 5 | BOW, 2 | 

Thus if the greater axis is to the leſſer as 1 to 0,9953467, and the 

' meaſure at the equator 56753 toiſes, as Bouguer has ſtated it, then the 
leſler axis will be 32669 10 toiſes, and the greater 328218 3. 


132. To 


S & 8>&F. © co 
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132. To find the ſame from a meaſurement taken in any latitude. 
If M repreſents the meaſure in a latitude denoted by E, and x the 
meaſure at the equator, N may be found as follows. | 

By Corollary III. Problem I. If an angle a be found, ſuch that its 


lefſer axis * t, E; N.the meaſure at the equator, will 


nay be= 
m—_ 191 1 greater axis 


7 ; 

And hence the axes may be known as above. | 
From the meaſures in the latitudes 66? 20'; 49 22“; 459 and at the 
equator, ſix ratios between the axes were found (130) ; now each ratio 
being compared with bath of its reſpective latitudes .and meaſures, will 
give nine values of the axes. Thus | 


The greater axis=3277500, or 3277484, or 3279655, or 3279702, 
or 3271748, or 3271779, or 3282937, or 3274007, or 3274479s 
N The leſſer axis 325 1278, or 32512063, or 3257911, or 3257958. 


or 3265678, or 3265704, or 3267414, or 3262430, or 320305 3: 
the greater axis 327047 3. 


i The wy {ye n mel ” the leſſer axis 3260299. ©, 
And between theſe and thoſe found at article 1 30, the means will be 
j for the greater axis, 3279328, and for the leſſer axis 3263604. 
| And theſe proportioned by the mean ratio of the axes, found art. 130, 
1 the greater axis 3279328 ; 
will give finally, for ‚ the leſſer axis 32640 . French toiſes. 
133. Hence the Engliſh foot being to the French, as 107 to 114; the 
greater axis will be 3493863 Engliſh fathoms, and the leſſer axis will be 
c | 3457606 Engliſh ſathems. . 
n And an Engliſh mile conſiſting of 880 fathoms; the greater axis will be 
- 3970,298 miles, and the leſſer axis 3951, 824 miles. 
3, 134+ Since in problem III. the exceſs of the arch of latitude, to the 
189 ; : ; , 
_ radius 22x 4 5 above the correſponding elliptic arch, is to 9 1 — : 
: as the ſine of twice the latitude to radius; and the number of minutes 
: in any arch is equal to the length of that arch multiplied by 34374 (the 
7 number of minutes in an arch equal to the radius) and divided by the 
| radius of that arch, the number of minutes of the circle, the radius of 
1s DX gaacþJec- 2 i os 2bbee 
which is contained in this exceſs, will be x 34372 
2 4 a® 84 
5 4 Fs 3. ” . 
divided by this radius, that is, to — 3 * 34.37 +» as the fine of twice 
ras the latitude to radius. But à being equal to 230, and b=228,92974, 
| 28 b 
to Gf rr 34371 will be equal to 11,887 (nearly 12). 
- Therefore the exceſs of the minutes of latitude above the minutes 
15 contained in the arch equal to Ap of the circle, the ſemidiameter of 
bs which is 2 eee will be to 11,887, as che ſine of twice the 
he mr ; | | 


jatitude to radius. 


8 2 | And 
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And thus will the arch Ap be aſſigned, as meaſured by a ſag: line 
adjuſted to the diviſions of the elliptical quadrant into bo times go parts, 
according to the length aſſigned to this quadrant in the corollary annex- 
ed to Problem III. | 3 


135. This number to be dedugted may alſo be found nearly enough 
by the traverſe tables, thus. I VII. 66, 67) 
Among the courſes ſeek the double of the given latitude, when under 
452, or the double of the compliment of the latitude, when above 459, 
and againſt 12 in the column of diſtances take the correſponding de- 
parture for the number to be deducted. : 14 
In an oblique coutſe, the diſtance run between any two latitudes will 
be to the arch of the meridian contained within thoſe Jatitudes, as ra- 
dius to the co- ſine of the courſe. 1 5 n Lat aa 
136. In the next place, in regard to the ſhip's change in longitude on 
an oblique courfe, the difference between the meridional parts for the 
ſphere and ſpheriod (by Problem LV.) is to. E x 34372, as the fine 


* 


of the latitude the ſhip arrives at from the equator, to radius. 

Therefore, when the equatorial diameter of the earth is to the polar 
diameter, as 230 to 228, 92974, the difference, of the ſpheroidal meri- 
dional parts from thoſe of the ſphere, will be to 31,919, as the fine of 
the latitude to radius. But by the conſtitution of the meridian line, the 
meridional parts expreſs the change of longitude made by a ſbip, whe- 
ther on the iphere or ſpheroid, on the rhumb of 45. | | 

And the change of longitude on this rhumb is to the change of longi; 
tude on any other rhumb, as the tangent of 45*, that is, the radius, to 
the tangent of that other rhumb. 7 


137. Moreover, this reduCtion of the meridional parts from the ſphere 
to the ſpheroid may be taken nearly from the traverſe tables, thus. 

With the given latitude among the courſes, and againſt 32 in the 
column of diſtances, take the correſponding departure for the reduQtion. 


138. In a courfe due eaſt or weſt at any latitude, the ratio of the 
radius of that parallel run upon in the ſpheriod, to the ſemidiameter of 
the Earth's equator, is found by Problem II. And any diſtance run upon 
that parallel, meaſured by the log, being reduced to minutes of the 
| Farth's equator; thoſe minutes will be to the change of Jongitude in 
minutes, as the radius of that parallel, to the ſemidiameter of the equator. 

The preceding precepts will be ſufficiently illuſtiated by the follow- 
10g examples. | | | 0 


139. ExAu. I. Let it be propoſed to find the diſtance, a ſhip ſhall run uper 
the ſuppeſed elliptical meridian, tn increaſing her latitude from 42 to 68 degra. 
According to article 134, the log-line being adjuſted to a ſphere, the 
IT 3 —_ the reduction from this ſphere 


ſemidiameter of which i 


+ to the ſpheroidal earth will be to 1 1,887, as the ſine of twice the Jati- 


Fir 


tude to radius, and the calculation will proceed thus. 
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For the lat. 429. Fer the lat. 689, . 
As rad. Io, ooo As rad. io, coooo 
To 584 F 9.09761 To 51,1569 (2 x 689) 9,84177 
So 11,887 1,07507|S0 11,887 '1,07507 


—U _ --- — 


To the reduction 11,822 17,7268 To the reduction 8,257 o, 91684 


Minutes in 422 = 25 20, co Minutes in 68? 


4080, ooo 
reduction 


11,822 reduction = 8,257 


The elliptic arc for 42* = 2508, 1780 The elliptic arc for 68% = 4071,743 
The leſſer numher deducted from the greater gives 1563,564 for the 
diviſions of the log-line adjuſted to the meaſurement of the elliptic 
meridian, which are contained between the latitudes of 42% and 689 on 
the ſame fide of the equator. 

Moreover, in the ttaverſe table, under twice 420, over-againſt the 
number 12 in the column of diſtance, ſtands in the column of departure, 
the number 12 for the firſt correction; and under twice 90 — 689, 
that is, 449, ſtands the number 8 for the ſecond. 


140. Ex ARI. II. Let it be propoſed to find the courſe and diflance from 
the Lizard, in the latitude of 49* 57 N. to Bar badoes, in the latitude of 
139 N., the difference of longitude being 54 36 32760 


For the arch of the meridian, the reduction for the greater latitude is 
11,71, and for the leſſer 5,22+ I herefore the latitudes reduced are 
7 and 774.78, the difference is 2210.5 1, which is the meaſure 
of the elliptic arch between the two latitudes in the meaſures of the log- 
line, adjuſted as above. 

In the next place the meridional parts are thus calculated. 


For the latitnde 299 5%. For the latitude 1300. 
As rad, Hh 10,00000| As rad, 10,00000 
To , lat. = 49 57 9,88 393 To 3, lat. 1320 Ä9 538209 
80 31,919 1, 50405 80 | 31,919 1,50405 


To the reduction 24,43 1,38798| To the reduction 7,18 o, 85614 


Por the latitude of 49 57 | For the latitude of 130 
The ſpheric! merid. parts 3469. 80 The ſpheric! merid. parts = 786,80 
reduction = 24443 reduction = 218 


— mmm ma —ͤ— — — 


Theſpheroid! merid. parts= 3445,37 | The ſpheriod' merid, parts = 779,62 


Alſo under each of the Jatitudes, in the traverſe table the ſame re- 

ductions will be ſound nearly in the columns of departure over-againſt 
the number 32 in the column of diſtance. 
The difference of the numbers 3445,37 and 779,62, being 2665,75, 
is the meridional parts in the ſpheroid for the difference of the latitudes, 
Aud the meridional diff. lat. in the ſphere is 2083, o. | 

3 : «3 - | Hence 
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Hence for the courſe and diſtance. 


-__ 'Inthe ſpheroid. 
Diff. long. = 3276, o 
Mer. parts = 2665,75 


But in the ſphere, 


3.5 15340 Diff. long. 


342582 


Tan. courſe= 50? 51 50” 10,08952 
h For the diflance, 


In the ſpheraid. 

Arch of the mer. | 

in min. or wie 2210,51 
of the log-line. 


334449 


Col. of the courſe 50®5 1* 50” 9.80014 


Diſtance in the mea- 
ſures of the log. 1 * 


3554435 


Mer. diff. lat. 


= 3,270,0 
=. 2083,0 


3551554 
3,42862 


Tang. courſe = 50 41“ 0“ 10,0867: 


| the ſphere. 


Proper diff. lat. 


Diſt. in min. of 


| In the ſphere. 

4957 —135%0 2 3687 22217 min. 
= 2217 ' 334577 
Col. of the courſe = 50 41/ 33135 


= 3499 354395 


14r. Ex A. HI. To find the diſtance of Cape Henry in lat 35 N. and 
long. 76 23 . from St. Maries, nearly in the ſame latitude, with longi» 


tude 22% g& N. 


The difference of longitude 539 277 3207 min. 


In the ſphroid. 
E*(fig. Prob. II.) 0,00203 
CP 


Cot. latitude 10,12289 


Cot. A 10, 12492 


Coſ. a 


25642 


Diff. Iong. 3.501 


| 


9,90307 


340917 


N In the ſphere. 

Coſ. 332 9.90235 
Diff. long. 3, 50610 
25614 3.40845 


Thus in the ſpheroid the parallel in the latitude of 37“ contains for 
3207 minutes of longitude- 2564; minutes of the equator z and if the 


logarithm of = in the figure of Prob, II. (=0,00101) had been far- 


ther added to the logarithm of 25642, the fum of theſe logarithms 
would have been 3,41018, and the arch of the parallel would be found 
to contain 25714 minutes, as meaſured by the log-line ; whereas, in 
the ſphere, this portion of the parallel contains 2562+ minutes of the 


equator. 


142. 


point at large, contends, preſuming on the preciſe accurac 


veral meaſurements. 


REMAR k. 


It appears from the preceding reductions, that the courſe of a ſhip 
on the earth, conſidered as a ſpheroid, is ſo near to what it would be 
on a ſphere, the circumference of which is equal to that of one of the 
elliptical meridians, that with a log-line adjuſted to ſuch a ſphere, an 
artiſt may ſafely truſt to the ſingle rules of globular failing in his days 
works, even though his acount of courſe and diſtance were much more 
certain than it is poſſible for them to be. It is therefore unneceſſary here 
to enter into the queſtion, whether the figure of the earth is a genuine 
ſpheroid, formed by the revolution of a real ellipſis about its axis, or of 
ſome more compounded figure, as Mr. Bouguer, who has diſcuſſed this 


y of the fe- 
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O F 


MERIDIONAL PARTS 


To every DroRER and MinuTz 


QUADRANT: 


Calculated on a ſuppoſition that the EARTH 
is a perfect Sphere. 


Where D. 1. ſtands for degree of lat. and M. P. for meridional parts. 
Seek the degrees of latitude at the top or bottom, and the minutes in 
the right or left hand columns, and the correſponding meridional parts 
will ſtand right againſt the minutes, and in the column ſigned with the 
degree propoſed. 
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143 
F 1 1 33 8 9 [0.1 
min.|M. Þ.\M. P. M. F M. F. N. F. M. Þ A. P.|M. P.|M. P. M. P. nin. 
0,0 | 60,9 120, 0 180, 1 240, 300, 4 360, 421,1 481,6 542, O 
1,2 | 61,0 121,0 [187,1 [241,2 301,4 [361,7 [422,1 484,6 54373 1 | 
2,0 |} 62,0 122, |182,r [242 302,4 362,7 [423,1 [433,6 [54453 2 
3-0 | 63,0 2,0 [33,1 4% [303,4 [363,7 424 484, [545.3 3 
% | 64,0 124, [184,11244,2 304, 4364, [4251 48 5,6 [546-3 | 4 
5.0 | 65,0 25,0 185,1 24% [305,4 365, 426, 486,6 15473 | 5 || 
6,0 | 66,0 126,0 |186,1 246,2 306, 4 [366,7/[427,1 487,6 548,3 6 
79 | 67,0 127,0 187, 1 47, [307,4 [367,7 (428, 1 488,6 549,3 7 
8,0 | 68,0 128,0 188, 1 248, 03, 4 368,7 [429,1 489,6 550, 3 8 
9,0 | 65,0 129,0 [189,1 249,2 309, 4 369,7 430,1 490,7 551,449 
10,0 | 70,9 130, 190,1 [250,2 310,4 [32% 371 491, 824 [10 
— 71,0 131,0 191,1 251, 311,4 371,7 432,1 492,7 5537411 
12 720 132, 19271 [252,2 2,4 652,7 33,1 43,7 3544 | 12 |j 
13, 73,0 133, 193,1 53,2 13,4 73, 4 [49457 55, | 13 
14,9 74.0 134,0 194.1 [2542 314,4 [3747 [4352 495,7 556,414 
15,0 | 75,0 133,0 195, [255,2 315,4 375,7 436, 2 496,7 557,4 15 
16,0 | 76,0 130, o 196, 1 56,2 316,4 376,8 437,2 497, 558,4 16 || 
1750 735 1330 [1972-12572 327,5 [37728 38 98, 5% | 17 || 
13,0 |] 78,0 138, 0 98, 1 258,2 18,5 378, 8 429,2 499,83 560,5 18 
19,0 | 79,0 139, 199,1 59, 319,5 379,8 440, 500,8 561,5 | 19 
b 20, | 80,0 140, fzoo, 1 [260% 1320,5 380,8 441, 501,8 562.5 | 20 
21 | 21,0 | 81,0 141,0 201, 261,3 321,5 387,8 442, 302,8 5635 | 21 
22 | 22,0 82,0 42,0 202, 1 262, 3 322,5 [382,8 [443,2 503,8 154,522 
23 | 23.0 | 83, 0.143, o [2931 263,3 323,5 383,8 444, 504,8 65,523 
2424, 084, o 44,0 [204,1 264, 3 324,5 384, 8 445, 505,8 566,62 
| 25 25,0 85, a 145, 05, [265,3 325,8 385,8 1446,3. 500,8 567,625 
26 | 26,0 | 86, [146,0 [206,1 266, 3 320, 5 [386,8 447,3 [507,8 [568,6 | 26 
27 | 27,9 | $7,0 [147,09 [2071 [267,3 327,5 [337,8 448,3 508,9 569,27 
2% | 28,0 | 88, 0 148,0 fz, 1 [268,43 [328,5 388, 4453 509,9 [579.6 | 28 
29 | 29,0 | 89,0 149, o 209, 1 269. f 329,5 389,8 450,3 [10,9 571,6 | 29 
39 | 32,9 | 90,0 150.0 [2101 270,3 1230.5 390,8 [451,3 [511,9 [572,6 30 
31 | 31,9 | g1,0 51% feih,i [271,37 331,5 1391,8 452,3 512,9 73,731 
32 | 32,0 | 92,0 52,0 12,1 272,3 332,5 392,9 453,3 573,9 574, 32 
33 | 35-0 | 93,0 [1531 [213.1 273,3 333,5 393,9 454,3 514,957,733 
34 | 34-9 | 94,0 154, 1 [214-1 274,3 13345 1394.9 [45553 |S1559 576,734 
35 | 3529 | 95,0 155, 21,1275, [335»5 [39599 456,3 316,9 77735 
36 36,0 Q6,0 156,1 216,17 276,3 336,5 390,9 45773 518,0 578,7 36 ; 
27 | 37,0 | 970 4157,1 [217,1 12773 [337+5 97,9 458,4 519, [5797 | 37 |} 
38 | 38,0 [98,0 158,1 [218,1 278,3 335.5 398, 459,4 520, 580,83 
39 | 39,0 | 99,0 [159,1 19 1 70,3 339,0 390,9 460,4 521,0 581,839 
40 40, 100.0 160, 1 [220,2 |250,3 340, 6 400,9 461,4 522,0 82.840 
44 | 4»;o 107, [161,17 [22092 281,3 {341,06 1,9 (462-4 52350 583,841 
2 | 42,0 102, [162,r 222, 2 [282,3 [342,6 402,9 463,4 624,0 584,342 
43 | 450 [103,0 163, 1 [223,2 [23,3 343,6 403, 464, 52, 85,8 
4444, 04, 0 164, 1 224, 284, 3 344,6 404, 9 465, 4 526,0 [686,8 
45 | 45,0 105,0 [165,1 225,2 28,3 345,6 405,9 466,4 527,1 587,9 
46 | 46, 0 |:c6,0 166, 1 226,2 [286,3 346,6 1407,0 467, 4 528,1 588,9 
47 | 47.0 07, o 167, 1 [227,2 [287,3 347,6 408, o 462, 4529, 1 589,9 
43 | 43,0 tos, o 168,1 [228,2 [288,3 348,6 409,0 469, 5 53, 1 590,9 
49 | 49,0 09, 169, 1 229,2 289,3 349,6 410, 470, 531,1 591,9 
5050, 110, 0 7, 1 230, 290, 3 350,6 [411,0 471,5 532, 1592, 
51 | 51,0 , [171,1 23½ 291,3 3575 412,0 472,5 533,1 593,9 
5252/0 12,0 72,1 232,2 2924 [352,6 413,0 473,5 534,159 5% 
53 | 53,0 113,0 173,1 233,2 293,4 353,6 414,0 474,5 535,1 [596,0 
54 | 549 114, 0 174, 1 234,2 294.4 354,6 475, 475,5 536,2 597.0 
55 | 55,9 115, 75, [2352 295,4 355,6 416,0 476, 5 537, 98, 
56 56,0 116,0 176, 1 [236,2 295, 4 356,6 |417,0 477,5 538,2 599,0 
57 | 57,0 f, [177,T 237,2 292,4 357,6 418,0 478,5 530, 2 |6c0,0 
58 | 58,0 118, 0 173, m 238,2 298,4 358,6 419,0 479,5 540, 2 601, o 
59 [c, 11% [179.1 239,2 299,4 359,6 420, 480.8 541,2 60251 
mn [M. P. M. P. di. P. N. P.|M. P. NMH. P.. PN. P. i P. M. P 
1 5 5 e FS 19-1 3 9 
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in. M. P. 
03,1 
604,1 


143. 21 F 
'37 {| 38 | xg D. J 
1M. P. N. P una. 


103575 
1036, 


— 


16 
M. P. 


972.8 
97 3-6 


13 
M. . 
780,8 
787,8 


12 
M. P. 


72573 
726,4 


k 


1098,21 161,8 


[5 © ou ew 0 w 


95,1 
606,1 
07,1 
08,2 
09,2 
610,2 
6112 
12,2 
13.2 


72754 
728,4 
72974 
73055 
73155 
732,5 
73375 
734.5 


735.6 


789,9 


791,9 
792,9 
794,0 
79550 
796, o 
797,0 


783,8 8 


790, 


736, 6 
7370 
738,6 
739,0 
740.7 
741,7 
742,7 
743,7 
744.8 


746,8 
747575 
748,9 
74979 
75079 
75159 
75370 
754,0 
755¹0 
756, 0 


798,1 


19941 
8oo, 2 
801,2 
802,2 


805,3 


806,3 
74538 


907.3 


809,4 
810,4 


812,5 
81375 
514,5 
81555 
816,6 
817,6 


808,4 


803,2 [86 
804,2 e 


811,4 | 


757˙˙1 
758.1 
759,7 
760,1 
76151 
762,2 
763,2 


764,2 
76 5,7 


766,3 


818,6 


819,6 
820,7 


822,7 


1323.8 


824,8 
825,8 
$26,8 
22779 


821,7 


767,3 
768, 3 
769,3 
77874 
771,4 
7224 
7734 

7475 
7755 


828,9 
$29.9 


$g1,0 


833.0 
83471 


83571 
836,1 
372 


832,0 


97428 


975-9 


976,9 
978,0 


979,0 


980, 


9811 
982, 


920.8 983,2 


984,2 
985,2 
986, 3 
987,3 
988,4 


989, 4 


999,4 
991,5 
992,5 
993,6 


103756 
1038,4 
103955 
1040.5 
1041, 6 
1042, b 
1043, 7 
104477 
10458 


1099,3 


110073 
110174 


1102, 


110375 


110455 
1105, 
1106, 
1107,7 


1108,7 


1162, 


1172,1 


116376 
1164.7 
11657 
1160, 8 
1167,8 
1168,59 
1 17050 
1171, 


© n OAO 


10 


1046, 8 
1047, 9 
1048, 9 
1049,9 
1051,0 
1052,0 
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Kia 1. DV Dars works are here meant the practical methods of finding 
1 | a ſhip's place every day at noon, and ſettling the courſe and diſ- 
9 tance ſne has then to ſail. 
5 ol The navigator requires for this purpoſe the following elements, or 
+ 1 | necellary things, to be known. | | 
3047 J. The means of meaſuring and correcting the run of the ſhip. 
5940 II. The nature and uſe of the ſea and azimuth compaſles. ' 
; 9 III. How to find the Sun's amplitude and azimuth. _ | 
I IV. How to find the variation of the compaſs, and to correct for it 
4 52] the courſes the ſhip has failed, 1 
45 V. How to find the ſhip's lee- way, and thence to correct the courſes, 
1 7 VI. The nature and uſe of the intruments proper for oblerving the 
2 5 © aftitudes and diſtances of celeſtial objects. 
1 5 VII. How to find the latitude and longitude by celeſtial obſervations, 
5 5 VIII. How to correct the daily account of latitude and longitude. 
P. win. 7 8 
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226 DAYS WORK s. Book IX, 
SECTION I. 


2. Of the meaſuring a Ship's run. 


A great variety of methods has been propoſed to meaſure the rate at 
which a ſhip fails, but that moſtly in ufe at this time, eſpecially among 
the Engliſh, is by the leg and half minute glaſs. OE. 

The Los is a piece of thin board, of a ſectoral or quadrantal form, 
loaded in the circular fide with lead ſufficient to make it fwim upright 
in the wates : to this is faſtened a line about 150 fathoms long, 
the LoG-LiNE, which is divided into certain ſpaces, called knots ; and 
the log-line is wound on a reel which turns very eaſily. 

The HALT MixnuTE GLass is of the form of an hour-glaſs, and 
contains ſuch a quantity of fine ſand, as will run through the hole in its 
neck in half a minute of time. 

The making of the experiment to find the velocity of the ſhip is 
called HEavinG THE Loc, which is thus performed. | 

One man holds the reel and another the half minute glaſs ; an officer 
of the watch throws the log over the ſhip's ſtern, on the lee ſide, and 
when he obſerves the ſtray line is run off the reel (which is about 10 
fathoms, this diſtance being uſually allowed to carry the log out of the 
eddy of the ſhip's wake), and the firſt mark is going off, he cries turn! 
the glaſs holder anſwers done! who watching the glaſs, the moment it is 
run out ſays /op/ the reel being immediately ſtopt, the laſt mark run off 
ſhews the number of knots, and the diſtance of that mark from the reel 
is eſtimated in fathoms. Then the knots, and fathoms together ſhev 
the diſtance the ſhip has run the preceding hour, if the wind has been 
conſtant. . 

In the King's ſhips, India ſhips, and ſome others, it is uſual to heave 
the log every hour : but coaſters, and thoſe which make ſhort voyages, 
heave the log once in two hours only. 


3. This practice of meaſuring a ſhip's rate of ſailing is founded upon 
the following principle. | ER 

That the length of each knot ought to be the ſame part of a ſea mile; 6 
half a minute is, of an hour. 


Therefore the length of each knot ſhould be either. 


(Z * 2&} 128 of a nautical mile, 
Or (Z X37 * # =) es of a degree. 
Or (2 * 55 X 88 X 35 =] 2 2880 of a great circle, 


By Mr. Richard Norwood's experiment (ſee V. 73) it appears, thata 
degree of a great circle on the Earth contains 367200 Engliſh feet and 
th thereof, or 6120 feet, is the length of one nautical mile. 

— Hence roth of 6120, or 51 feet, ſhould be the length of each knot. 

But becauſe it is ſafer to have the reckoning rather before the ſhip 
than after it, therefore 50 feet may be taken as the proper length of cach 
knot z and cach kaot is now uſually divided into 8 fathoms. 
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The length of the knots in the log-line uſed formerly was only 42 
feet; and it is much to be wiſhed that no line ſo divided was now in 
uſe, but cuſtom in many things prevails over reaſon. This way of di- 
viding the log-line was founded on the ſuppoſition that 60 miles, each 
of 5000 Engliſh feet, made a degree; for +1 of 5000 is 
round numbers 42 feet. And although many mariners find by experi- 
ence that this length of the knot is too ſhort, yet rather then quit the 0/4 
way, they ufe glaſſes for half minute ones that run but 24 or 25 ſeconds. 

The method uſually recommended to try if the glaſſes are accurate, is 
this: On a round nail or peg hang a ſmall thread that has a muſket-ball 
fixed to one end, 394 inches * carefully meaſured from the center of 
the ball to the loop which goes over the peg. Then make it ſwing, and 
count one for every time it paſſes under the peg, beginning at the ſecond 
time it paſſes, and the number of ſwings which it makes during the time 
the glaſs is running out, ſhews the ſeconds which that glaſs runs. 

For experience ſhews, that the length of a ſecond pendulum is about 
inches. : | 

ue diſtance given by the log may be wrong on three accounts, 

namely, by an error either in the glaſs, or the log- line, or in both. 


414, or in 


4. Cas I. When the log-line is truly divided, and the glaſs is faulty, 


. RULE. As the ſeconds run by the glaſs; are to 30 ſeconds ; 


So is the diſtance run by the log, to the true diſtance. 


Exam. Suppoſe a ſbip ſails at the rate of 65 knots while a glaſs runs out, 
which runs only 2.5 ſeconds : What is the true rate of ſailing ? 7 


As 25:30: : 6,5 : 7,8 miles, the true diſtance ſailed in an hour. 


5. Cas II. Apen the glaſs is true, and the log-line is faulty. 


RuLE. As 50 feet, is to the diſtance meaſured between knot and knot; 
So is the diſtance run by the log, to the true diſtance, 


Ex AM. Suppoſe a ſhip ſails at the rate of 65 knots an hour, by a lig · line 
which has I loa knot: What is the true rate of ſailing ? 


As 50 : 44 :: 6, 5: 5,72 miles, the true diſtance ſailed in an hour, 


6. Case III. hen both log-line and glaſs are faulty. 


RuLe. Multiply thrice the meaſured length of a knot by the diſtance 
run per log ; the product divided by five times the meaſured 
time of the glaſs, will give the true diſtance run. 


Ex Au. Suppoſe a ſhip runs 5 knots an hour, by a log-line of 45 feet to a 
knit, and a 27 of 25 ſeconds : What is the true rate of ſailing. 


Then 3x 45 X 5, and divided by 5 & 25, gives 5,4 miles true diſt. 
For ſuppoſe K meaſ. length of a knot; 6 =ſeconds per glaſs; D tun 
log. 
Then G:30;:D:30xD=®cG=dift. run by a correct glaſs. (4) 
And 50: K:: 30 p: ZOXDXKIEXSOZZ3XDXKES XG. 


— 


——- 


* The mark = ſignifies divided by. 
| y | 


As 
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The log is ſubject to drive with the motion which the water may have 
at its ſurface, and thereby give an erronious rate of ſailing (for the ex. 
periment ſuppoſes the lag fixed in the place where it is, when the firſt 
knot goes off the reel); therefore many methods have been propoſed to 
remove, or at leaſt to leſſen this error; and among them, that ſeems moſt 
worthy of notice, which was propoſed by the late M. Bouguer“, in bis 
Treatiſe on Navigation, publiſhed at Paris in the year 1753, and which 


was compoſed by the order of the Miniſter of State; and again reprinted 


there in the year 1760, with ſome alterations by the late Abbe de la 
Caille; both thoſe gentlemen had been ſeparately engaged in very long 
voyages, and conſequently had much marine experience: the ſubſtance 
of this method will be here given, though ſomewhat differently drawn 


7. Take for the Los a conical piece of wood, through, or along the 
axis of which the log-line muſt be paſſed, and made faſt to it, about 
40, 50, 60, or more feet from one end; and to this end fix the Dives, 
which is a body formed of two equal ſquare pieces of tin, or of thin iron 
plate, fixed at right angles to one another along their diagonals. The fize 
of this diver muſt be fo fitted to that of the cone, that the cone may juſt 
float. | 
A cone of thre2 inches diameter in the baſe, and of ſix inches in the 
flant height, is propoſed by M. Bouguer, to ſuit a diver made of plates 
about 94 inches ſquare. The float is fixed to the log-line at the inter- 
ſcion of the diagonals; and the /oop and peg uſed as in the common log. 

When this compound log is hove overboard, the diver will fink too 
deep to be much affected by the current, or motion of the water at the 
ſurface ; and the log will keep more ſteadily in the place where it firſt 
fell; and conſequently, the knots run of the reel will ſhew more accu- 
rately the ſhip's rate of failing. | | 

As the common log is affected by the whole motion of the current, fo 
this compound log will feel only a part of it; viz. ſuch a part nearly, as 
the reſiſtance of the cone is of the reſiſtance of the diver : thus the zeſiftances 
of the above cone and diver are about as 1 to 5; and conſequently this 
log will drive but ; part of what the common log would; and fo the 
ſhip's true run will be affected by; part only of the motion of the 
waters. 

8. To obtain the true rate of ſailing, it will be proper to heave alternate- 
ly, hour and hour, the common log and this compound log. Then the 
difference of their knots run off, augmented by its 4th part, is the cor- 
rection; which applied to the knots of the common log will give the 
ſhip's true rate ot failing, at the middle time between the hours when 
| thole logs were hove. The correction is added when the run by the 
compound log is greateſt ; otherwiſe it is ſubtracted. OY 

9. To find the courſe made good. Increaſe the obſerved angle between 
the log- lines by one fourth part; and this gives the correction to be ap- 
plied to the apparent courſe, or the oppoſite of that ſhewn by the com- 
mon log. 


— 
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* The French Academician concerned in meaſuring a degree of a meridian 
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be ſuppoſed- at D when the logs were hove. 


rallel or; then is EF AEB (II. 165), AF is 
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right 
left 
When the bearing of the common log is to the 0 


The correction is to be applied to the { of the apparent courſe 


left 

| right 
10. Or thus. The length run off both logs, together with their 
bearings, being known, on a card or compaſs apply the knots run off 
(taken from a ſcale of equal parts) along their reſpective bearings, from 
the center; join the ends, and in this line produced, on the fide next the 
compound jog's length, take 5 of the interval; then a line drawn from 
the end, thus produced, to the center of the card, will ſhew the true 


courſe and diſtance made good. 


{ of the comp. log. 


Or, The true courſe and diſtance may be found by computation ; by 
working in the two triangles formed by the above conſtruction. 


Ex. I. The common log having run Ex. II At 5h. P. M. the com- 
6,7 knots, bore N. 42 E. at 9b. mon log nt Ele off 7,6 knots, it 
om. A.M. and at 11h. 3om. A. MH. bore S. 18% W.; and at 1h. P. M. 
the compound log having run off 8, 3 the compound log having run off 5,2 
knots, it bore N. 37% E. Required the knots, it bore S. 26%. Required 
correct courſe and rate of ſailing at 10h.|the true courſe and rate at 6h, 


Comm. log. Run 6, 7 k. Bear. N.42*E.| Comm. log. Run 7,6 k. Bear. S. 189 W. 


Comp, log. 8, 3 k- N. 37 E. Comp. log. 5˙² 8. 26 W. 
Dif. e bly 24 * 

4 part 0,4 14 4 part 0,6 2 
CorreQion 2,0 E Correction 3,0 2s. 
True run 8,7 Bear. 8. 351W. True run * Bear. N. 282 E. 


I. The following explanation of Ex. II. will ſhew the reaſon of theſe 
corrections. Suppoſe the line AB to repreſent the run and bearing of the 
ſhip by the common log ; and AC the run and . * | 

bearing by the compound log; and let the ſhip N 1 - 


Then her apparent run by the wind, with 
the common log, is the line Da, or its paral- 
lel Ba, while the log is driven by the current 
along the line DB ; ſo that the ſhip's real run 
is along the line Da (VII. 48). Alſo, by the 
compound log, the ſhip's apparent run by 
the wind is the line Þ 0, or its parallel ca; 
while the log drives from v to c, which is 
only ;th part of DB; fo the real run is DA. C 
Take EB ZAB H ACH; draw CE and its pa- 


nearly equal to AD, and LDAC is very near- 
ly equal to ZBA. 


T 3 For 


* 
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For An A (II. 165): and An in the time of making the experiment 
cannot differ much from AD; neither can p differ much from 4 of Fn; 
conſequently the CDA is very nearly equal to 4 /FAn. 

Therefore Ar being known gives the run DA. Alſo the bearing ay 
being known by obſervation, or its oppoſite Ab; and the 4 ABD found 
by correction, the bearing DA d, or the real courſe, becomes known. 

Or, Computing in the triangle Bac, with the two ſides, and the in- 
cluded angle, find RNA and Bc: then in the triangle AcD, knowing ac, 
cD{=Z8c), and ZACD; find / CAD and AD, 


12. ' REMARK. 


I. There ſeems to be a miſtake in the dimenſions of the cone, and 
diver, propoſed by M. Bouguer, and followed by M. De LaCaille; for no 
kind of wood uſed in Britiſh dock-yards, when formed into a cone of 
of thoſe dimenſions, will float a diver made of ſtout tin plates, one fide 
of the ſquare being qa inches. Such a diver, weighing 13 lb. averdupoiſe, 
required to float it a cone of 5 inches diameter, and 12 inches on the 
MAant fide, ſo that the point of the cone which was made of light fir, 
ſhould juſt appear above the water. Now ſuppoſing one fide of ſuch a 
ſquare tin diver to be about 10 inches, and made of plate only 3 of the 
thickneſs of the former (for it is ſuſpected there is no tin of half its 
thickneſs), ſuch a diver would weigh, with its ſolder, about 20 ounces, 
and can be floated by a light fir cone of 4 inches diameter in the 'baſe, 
and 10 inches in the ſlant height, or length; and ſuch a compound log 
might, perhaps, be found on trial to be affected by about as much again 

as that propoſed by M. Bouguer, and conſequently the difference between 


the numbers given by the common log and compound logs, muſt be augmented by 


+ of uſelf to produce the ne correction. : 

[7 131 . — — as a tide, runs to any depth, the velocity 
of that current may be much better aſcertained by the compound log, 
than by the common one, provided the diver does not deſcend lower 

than the run of the current; for as thoſe ſhips which are deepeſt im - 
merged, drive faſteſt with the tide; fo the diver being acted on below, 
as well as the log on the ſurface, their joint motion 'will give the total 
effort of the current's motion, better than what could be derived from 
the motion at the ſurface only. Alſo, by ſuch a compound log, the 
depth to which any current runs, may be eaſily tried, 


SECTION 
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Of the Mariners Compaſs. 


14. The MAxIxER's Cour Ass is an inſtrument uſed at fea to point 
out the way a ſhip does, or is to go; and conſiſts of three parts, namely, 
the box, the card or fly, and the needle, TX | ; 

The Box, which contains the card and needle, is a circular braſs box 
hung within a ſquare wooden one, by two concentric rings, called jimbali, 
ſo fixed by croſs centers to the two boxes, that the inner one, or com- 

aſs box, ſhall retain an horizontal poſition in all motions of the ſhip. 

The Carp, or FL x, is a circle of ſtiff paper repreſenting the horizon; 
and is divided into points and quarter - points of the compaſs. 

The needle is a ſtraight piece of ſteel made magnetical; which has 
the property of pointing with one of its ends towards the north pole of 
the world, | 1 : | N 

The needle is fixed to the underſide of the card, and in the center is 
placed a conical ſocket, which is put on an upwright pointed pin, fixed 
in the bottom of the box; ſo that the card hanging on the pin, turns 
freely round its center; and one of the points, by the property of the 
needle, will always be directed towards the north pole “. Sang 

The top of the box is covered with a glaſs pane, that the motion of the 
card may not be diſturbed by the wind. This apparatus is called the 
Compaſs. The compaſs box is to be ſo placed in the ſhip, that the 
middle ſection of the box, parallel to its fides, may be parallel to the 
middle ſection of the ſhip, along its keel. Wh” 

15. Before the invention of the compaſs, which happened towards the 
latter end of the 13th centry, the navigating of ſhips was a very tedious 
and precarious operation, and ſeldom made out of ſight of land. But 
the compaſs enables the mariner to hold his courſe over the ſeas in as 
direct and true a tract, as the land cartier ditects his carriage in a well 
beaten road. Hence it might be reaſonably imagined, that no neceſſa 
expence or care ſhould ever be wanting in the conſtruction of this nol 
uſeful inſtrument. But it has ſo happened, that ſome years ago ſcarce 
one ſea compaſs in ten was fit for the uſe for which it was made; they 
were fabricated by unſkilful and ignorant workmen for the wholeſale 
dealers in the ſhipping way: and ſuch dealers generally pay no more 
regard to the conſtruction of this inftrument, on which the ſucceſs of 
the voyage, and the lives of the men, in a great meaſure depend, then 
they do to any indifferent thing of the ſame price. * 


— — * r 


„ — — „ — . —— — — 


* If a magnet, or a piece of iron made magnetical, be ſuſpended by a 
thread, or floated on a piece of light wood or cork in a veſſel of water; let the 
body be turned round either eaſtward or weſtward, one and the ſame point 
will always be turned towards the north when the body becomes at reſt. 

| Sa There 
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There are however compaſſes uſed in the Royal Navy, India ſhips, 
and ſome fey trading ſhips, which are conſtructed with more care, and 
on better principles; and are therefore vaſtly preferable to thoſe common 
uſed in the merchant's ſervice, which, from their conſtruQtion, ſeem 
to have been contrived purpoſely to yary from what was to be expected 
of them; as by joining the outſide box together with iron nails; making 
the needle of ſoft wire; and diſpoſing it in the form of a rbombus, in ex- 
peQation that the magneticat forces of the ſides would conſpite to act in 
the diagonal; making the pin and ſocket ſo badly, as to prevent the card 
from traverſing, &c. Nc. a | | wy | 
It is only within a very few years, that ſea-compaſles have been made 
free from that multitude of inconveniencies which formerly attended the 

of them: Such inconvenincies were, firſt, needles having ſeveral 
oles, occaſioned by their irregular ſhape; for the beſt kind are ſtraight 
rs with flat ends. 2d. The needles being made of ſuch a temper as was 
capable neither of receiving, nor of retaining half the virtue it is poſſible 
to give them; and conſequently, they were not directed to the poles 
with that ſtrength and perſeverance they might have been. 3d. The 
want of proper means to reſtore their magnetiſm during the courſe 
of a voyage, when it has been impaired. *4th.' The troubleſome and 
inaccurate methods of repairing the pin on which the ' card turned 
when it has been damaged, and alſo the expence attending the uſe 
of agate, caps, or ſockets, which are the moſt proper. 5th. The 
want of proper contrivances to hinder the card from being greatly 
affected by the various motions of the ſhip. Theſe, and ſeveral 
other imperfections, have been happily removed by the labours of the 
truly celebrated Dr Gewen Knight, F. R. S. whoſe admirable invention 
of giving magnetiſm to ſteel bars, greatly ſuperior to any power they 
could derive from the natural loadſtones, joined to a multitude of ex- 
periments which he has made for the marine ſervice, has produced the 
means of conſtructing ſea compaſſes ſo perfect, that there ſeems nothing 
farther to be wiſhed for, as neceſſary to this inſtrument. It may be 
xeaſonably expecled, that ſuch correct compaſſes will readily be brought 
into general uſe, as well in merchant's ſhips as in ſhips of war; for 
Enight's compaſſes are now univerſally uſed in the royal navy. 
106. Aﬀter the diſcovery of that moſt uſeful property of the magnet, 
or loadſtone, namely, its giving a polarity to hardened iron or ſteel, the 
compaſs was for many years uſed, without knowing that its direction in 
any wiſe deviated from the poles of the world: about the middle of the 
16th century, fo certain were ſome of its inflexibly pointing to the north, 
that they treated with contempt the notion of the variation, which 
About that time began to be ſuſpected. However, careſul obſervations 
ſoon diſcovered that in England, and its heighbourhood, the needle 
pointed to'the eaſtward of the true north : and the quantity of this de- 
viation being known, maciners became as well ſatisfied- as if the compals 
had none; becauſe the true courſe could be obtained by making allow- 
ance:for the true variation. F : * 2. 
From ſucceſſive obſervations made aftewards, it was found that the 
deviation of the needle from the north was not a conſtant quantity; be 
Gr 8 3 . 4 oooh SSI tha 
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that it gradually diminiſhed, and at laſt, namely, about the year 1657, it 
was found at London, that the needle pointed due north, and has ever 
fince been getting to the weſtward, and now the variation 1s near 22 
degrees to the weſtward of the north; So that in any one place it may 
be ſuſpected the variation has a kind of libratory motion, traverſing 
through the north to unknown limits eaſtward and weltward. But the 
ſettling of this point muſt be left to time. 3 7 | 
| About the ſame time it was alſo diſcovered, that the variation of the 
needle was different in different parts of the world, it being weſt in 
ſome places when it was eaſt in others; and in places where the varia- 
tion was of the ſame name, yet the quantity of it differed greatly. It 
was therefore found neceſſary that mariners ſhould, every day, or as 
often as they had opportunity, make proper obſervations of the ſun's 
amplitude or azimuth, by which they might be enabled to find the varia- 
tion of the compaſs in the place they were then, and thence correct theic 
courſes properly. Not | | 

17. Beſides the common ſea compaſs, there is another, called the 
AzIMUTH CoMPAss, the uſe of which is to take the bearing of an 
celeſtial objects, when it is in, or above the horizon. This comp 
differs in no reſpect from the other, only that the circumference of the 
card or box is divided into degrees; and there is fitted to the box an 
index with two ſights, which are upright pieces of braſs, placed diametri- 
cally oppoſite to each other, having flits down their middles, through 
which the ſun or ſtar is to be viewed at the time of obſervation. Dt 


. To male Artificial Magnets, 


As there are many accidents at ſea, which make it very convenient, 
and even neceſſary, for mariners to know how to reſtore the magnetic 
virtue to their damaged needles, it was judged proper to ſhew how, 
independent of a loadſtone, magnetiſm might be given to ſteel bars; and 
with theſe bars to touch the needles of their compaſſes. 

The following method is extracted from a paper given by Mr. John 
Canton, F. R. S. in the Philoſophical Tranſactions for the year 1750, 

Procure ſix bars of ſoft ſteel,; about 3 inches long, + inch broad, and 
25 thick; and other fix of the hardeſt ſteel, each of double thoſe dimen- 
ſions; and let each of the 12 bars be marked with a line round them at 
one end, which call the north end; and the other, the ſouth end. 
Procure alſo four bars of ſoft iron, called conduCtors ; two of the ſame 
thickneſs and breadth, but only half the length of the ſoft bars; the 
other two, alike proportioned to the hard bars ; have ready alſo an iron 
poker and tongs that have been long in uſe. | 

Let the poker be held nearly upright, with its point downwards; 
and let one of the ſoft ſteel bars, be held tightly againſt the middle of 
the poker by a thread with its N. end downwards; then with the lower 
end of the tongs, held alſo nearly upwright, ſtroke the fteel bar from 
the N. end upwards, about 10 times, on both ſides: and in this manner 
ſerve four of the ſoft ſteel bars; and each will be made able to ſuſpend 
a {mall key by its N. end. 
6 [50 : 8 Lay 
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Lay the other two ſoft ſteel bars in a parallel poſition, at the diſtance 
of 2 inch, with a N. and S. end to touch each of their proper conductors, 
Then placing two of the touched ſteel bars together, breadth to breadth, 
the N. end of one to the S. end of the other; and the other two put in 
hke manner againſt theſc, one on each fide, ſo as to have two north ends 
together, and alſo two ſouth ends ; ſeparate with a large pin the two 
north points from the two ſouth points, at one end; and to the middle 
of one of the two ſoft bars apply the open end of the compound bar, 
held upright, with the two norths towards the ſouth end of the lying bar, 
and in this poſition ſlide the compound bar backwards and forwards four 
times the whole length of the lying bar, ending at the middle; from 
whence-remove the compound bar to the middle of the other lying one, 
which rub in like manner: then turn both bars, the other ſide upwards, 
and repeat the operation on cach. Let the two lying bars make the in. 
ner two of the com pound one, and place thoſe which were before the 
two outſide ones between the conductors, on which the operation of 
rubbing 13 to be performed with the end of the compounded bar. Re- 


peat this operation until each pair of bars has been rubbed four times, 


and their magnetic power will be great'y increaſed. 5 
Nou putting three contiguous N. ends to three 8. ends, with this 
nd bar, the lower ends being opened with @ pin, as before, 
touch twd pairs of the hard bars, placed at half an inch diſtance, between 
iheir proper conductors, in the manner above deſcribed; and with theſe 
four touched bars make a compound one to touch the other pair; ob- 
ſerving that the lower ends be parted near a quarter of an inch after 
they are ſet on the middle of the lying bar, and that they are cloſed 
before they are taken off: touch each pair of hard bars three times over, 
and theſe bars will be ſtrongly magnetical. To make them more fo, let 
each pair, Iying between their conduQors, be touched twice over by 
two ethers, held as nearly horizontal as can be, one in each hand, by 
drawing 'at the fame time, the N. end of one from the middle of the 
1ying bar over its S. end; and the S. end of the other from the middle 
over the N. end, and bringing them every time to the middle of the 
lying bar without touching it. Four of theſe horizontal ſtrokes along 
each. fide will give as much magnetic ſtrength to the hard bars as they 
ſeem capable of receiving, and each bar, if well hardened, will litt 
near two pounds weight avoirdupoize. 


19. To preſerve theſe Artificial Magnets. 


The fix hard bars, with their two conductors put end to end as one 
bar, ſhould be kept in a cafe ; the bars being put face to face, having 2 
N. and S. end together alternately ; thus they will retain their virtue a 
long time, and be ready for any experiments: and ſhould their powe! 
be found'to fail, it may be reſtored, by the latter part of the operation, 
m a few minutes. | 


20. 77 
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20. To give Magnetiſm to Compaſs Needles. 


Lay two needles of equal length, about a inch aſunder, with the 
N. end of one and S. end of the other pointing the ſame way, and 
apply two conductors in contact with their ends. Then with two mag- 
netic hard bars, one in each hand, and held as nearly horizontal as can 
be, with the upper ends of contrary names turned outwards to the right 
and left, let a needle be ſtroked or rubbed from the middle to both ends 
at the ſame time, for 10 or 12 times, a N. end of a bar going over the 
8. end of the needle, and the S. end of a bar going over the L. end of 
a needle. Then, without moving from the Mr change hands with 
the bars, or, in the ſame hands, turn the other ends downwards, and 
ſtroke the other needle in like manner, and they will both be magneti- 
cal. But to make them Rill ſtronger, repeat the operation three ar four 
times from needle to needle; and at laſt turn the lower fide of each 
_ A and repeat the operations of rubbing them, as on the 
other ſides. 

In the rubbings, or touchings, to procure magnetiſm, the hand ſhould 
not return directly back the way it came, but ſhould return in a kind of 
oval figure, carrying the hand about ſix or eight inches beyond the 
» point of the bar or needle where the touch ended ; but not beyond the 
point on the fide where the touch begins. 


VVG 


- ww -& wy 


„ a 


le It may be proper to obſerve that the needle, which before it was made 
b. magnetical, hung level on its pivot, does afterwards incline to the ho- 
v rizon ; which inclination is called its Dip: The horizontality is to be 
4 reſtoredjby putting a ſmall counterpoiſe, or ring of braſs wire on to that 
% end of the needle which appears to. be lighteft. 
1 PROBLEM. 
be To make an obſervation with the Azimuth compaſs. 
dle | 
"OY 21, I. FoR an AMPLITUDES®. 
ng When the center of the fun is about one of his diameters above the 
bey horizon, tutn the eompaſs round in the box, until the center of the 
lilt lun may be ſeen through the narrow flit which is in one of the fight 
vanes, exactly on the thread which biſects the ſlit in the other, at that 
inſtant puſh the ſtop which is in the ſide of the box againſt the edge of 
the card, and the degree, and parts of a degree, which ſtand againft 
the middle line on the ſtop, is the amplitude of the ſun for that time. 
708 22, II. For AN AZIMUTHF. | 
1g 2 Turn the compaſs round in the box until the center of the ſun may be 
264 feen through the narrow lit, which is in one of the fight-vanes, exactl 
wer on the thread which biſects the ſlit in the other; or, until the ſhadow of 
ion, ER 
* Amplitudes are from obſervations made on objects in the horizon, See 
Book V. 112, 147 to 152. | 
7. f Azimuths are from obſervations made on objects above the horizon, 


dee Book V. 111, 152. h 
that 
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that thread falls directly along the line of the index: when either of theſe 
is effected, puſh in the ſtop againſt the edge of the card, and that de. 
gree and parts of a degree which ſtand againſt the middle line on the 
ſtop is the azimuth of the ſun at that time, ; 5 

ER is here ſaid of the ſun is in like manner to be applied to the 


23. When there is a rough ſea, and the ſhip rolls much, the obſer- 
vation is beſt performed by two perſons, thus 
Let one look through the ſights, and turn them till the thread cuts 
the center of the ſun, and be ſure to keep a conſtant ſight. of it, not. 
withſtanding the motion of the ſhip, which being ſignified to the 
aſſiſtant by any word, let him that inſtant obſerve what degree of the 
card is againſt the middle line of the ſtop, and the arc intercepted be- 
tween that point and the meridian will ſhew the quantity of the mag- 
netic amplitude or azimuth. If the card ſhould vibrate very a. 
let him take the middle degree between the limits to which the vibra- 
tions extend. | | SO Tr 
When the magnetic azimuth of any object is obſerved, its altitude 
muſt alſo be taken at the ſame time. 1 | 
This inſtrument is alſo uſeful in ſetting the ſhip's wake, in order to 

PL > on leeway; and alſo to find the bearings of headlands and other 
objects. 8 | | 


"SE ETIO NW: 
24 To Work an Amplitude. 


The true amplitude of a celeſtial object is its diſtance from one of the 
cardinal points of the horizon, at the rifing or ſetting of that object. 

The amplitude is reckoned eaſtward in the morning; but it is named 
weſtward in the evening. Ws | | 

The cuſtomary way of accounting the amplitude is, to reckon it ſo 
much to the ſouthward or northward of the eaſt in the morning; and 
in the evening ſo much to the ſouthward or northward of the welt: but 
as bearings are generally taken from the meridian, in the following 
pages the amplitudes will be eftimated chiefly from the nocth point of 
the horizon. cw bk | 

The finding of the true amplitude at ſea is of conſiderable impor- 
tance in navigation; for the true courſes which the ſhip has ſteered is 
partly aſcertained thereby. | 
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PROBLEM. 


Given the latitude of the place, and the declination of a celgſtial object: 
required the true amplitude of that object. | 


SOLUTION. 


Say: As the co-line of the latitude is to radius, 
So is the fine of the given decl. to the co-fine of the amplitude. 
Or, Add 10 to the index of the log. fine of the declin. and ſubtract 
the log. co ſine of the latitude from the ſum, the remainder 
is the log. co-ſine of the true amplitude. 
The amplitude, thus found, is to be reckoned from that point of the 
horizon or compaſs, which is of the ſame name with the declination of 
that object. | 
If the amplitude be wanted from the eaſt or weſt points of the hori- 
20n; the laſt term of the proportion will be a ſine inſtead of a co-ſine, 
and the amplitude is to be taken to the northward of thoſe points, when 
the declination is north; or to the ſouthward, when the declination is 
ſouth. | 


26. SOLUTION BY THE TRAVERSE TABLE. 


With the declination among the courſes, find the departure to the 
diſtance 100. | | 

With the given latitude among the courſes, and ſaid departure in the 
column of latitude, find the diſtance. N 

Look for a column of depaiture, where this diſtance ſtands againſt 
100 in the column of diſtance, and the degrees in the correſponding 
courſe will give the amplitude from the eaſt or weſt. . > of 

This rule will always give the degrees as truly as by logarithms : and 
as the magnetic amplitude cannot be obſerved more exactly, the true 
amplitude will be had ſufficiently correct by this rule. 


Exam. I. In the latitude of 389 25 N. what is the Sun's tru . 
tude when his declinaticn 15 189 59 NP true ampli 


By Legarithms, 5 By the Traverſe Table. 


As coſ. lat. = 3825 , 10595 a 
To radius = R 10,00000 To decl. 19 oo', and diſt. 100, the 
So fin, decl, = 28 59 9.51227 dep. is 32,5%. 


To lat. 389 25/, and diff. lat. 32, th 
To fin, hor, arc = 24 32 9g,61822| diſt. is 41. $ à 3 e 


To diſt, 100, and dep. 41, the coorſe 
SubtraQ from go oo for N. dec.| is 24% 45”. Therefore the boci- 


zontal arc is 249 4c”, 


Rem, true amp, = 65 28 from N. 


In this and the following examples the neareſt degree and minute to 


the declination, that can be found in the Traverſe Table, is taken ſor 
the declination, 


Ex AM. 
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Exam. II. Required the Sun's true amplitude in the lat. of £19 32. 
when the Sun's declination is 209 56/ At f 51% 32'N, 


As coſ. lat. 
To radius 
So fin. dgcl. 


To fin. hor. are = 35 ©3 9,75918 
Add to 90 doo for S. deel. 


= 519327 , 20617 
= R 10,00000 
= 20 56 9.58301 


By Logarithms. | 


By the Traverſe Table, 


To decl. 21% oof, and diſt. 100, the 
dep. is 35,8, 

To lat. 51 30', and diff. lat. 3548, 
the diſt. is 57. | 

To diſt. 100, and dep. 57, the cowl: 
is 34* 45”. Therefore 359 may 


Givestrueamp.—125 og fr. che N. 


be taken for the horizontal arc 


ſought. 


Ex AM. III. ben the Sun's declination was 20107 S. what was hit 


amplitude at the Cope of Good Hope, 


| By Logarithms. | 
As coſ. lat. = 34% 15] 0,08271 
R 


To radius 10,009000 


So fin. decl. = 26 10 9,63751 


To fin. hor. arc = 24 39 9,62022 
Which add to 


go oo for S. decl. 


in lat. 34 15 S.? 
By the Traverſe Table. 


To deel. 209 15, and diſt. 100, the 

| dep. is 34,6. 

To lat. 34 15“, and diff. lat. 346, 
the diſt, is 42. 

To diſt. 100, and dep. 42, the courſe 
is 24* 45. Therefore 259 may 
be taken for the horizontal arc 


Gives true amp. 114 39 fr. the N. 


Ex Au. IV. On what point of the 
ſet at Buenos Ayres in lat. 34 35 &. 


ſought, 


2 does the flar Arcturus riſe and 


By Logarithms. By the Traverſe Table. 

As coſ. lat. = 349 35 0,08444 
To radius ==«K® 10,00000| To decl. 209 30”, and diſt, 100, the 
Sa fin. decl. = 20 29 9,54399 dep. is 35,0. 

— — To lat. 34? 30“, and diff, lat. 350, 
To fin. hor. arc = 25 09 9,2843 the diſt. is 42,5. 

— — To diſt. 100, and dep. 42,5 the,courle 
Which add to 90 co for S. dec. is 25% 15, Therefore the hor 

— . zontal arc may be taken as 2; 

Gives true amp. =115 og fr. the N. degrees, 
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SECTION VI. 
27. J work an Azimuth. 


The true azimuth of a celeſtial object is its bearing from the north 
or ſouth points of the horizon, when above it. 8 ; 
In the forenoon the azimuth is reckoned eaſtward, and in the after- 
noon weſtward. | E | 
The azimuth is uſually eſtimated from the ſouth, when to the ſouth · 
ward of the eaſt or weſt points of the horizon; and from the north 
when to the northward of thoſe points. 
The uſe of the azimuth is to find the variation of the compaſs, in 
order to correct the courſes which the ſhip has ſteered, | 


28. PROBLEM. 


The latitude of the place, the declination of the object, and its altitude being 
known ; required the true azimuth of that object. 


SOLUTION, 


When the latitude and declination are of the ſame name, let the co- 
declination be called a. : 


But when of contrary names, add the declination to go degrees, and 


call the ſum A. 


Let the difference between the co-lat. and co-alt. be called 5. 
Alſo, find the half ſum and half difference of A and p. 
Then write thefe four logarithms under one another, 
Namely : The arith. comp. of the log. fine of the co-latitude. 
The arith. comp. of the log. ſine of the co-altitude. . 
The logarithmic fine of the foreſaid half ſum of A. and p. 
The logarithmic fine of the foreſaid half diff. of A and p. 
Add theſe four logarithms together, and take half their ſum, which 
ſeek among the fines for the correſponding degrees and minutes, and 
theſe being doubled will give the true azimuth required : from the 
north, in north Jatitudes, and from the fouth in ſouth latitudes. 
The working of an azimuth by logarithms, although as ſhort as any 
numeral ſolution of this problem can be expected to be, has been thought 
one of the moſt tedious elements that enter into a common day's work : 


but by Gunter's ſcale, it may be readily done as follows, and fufficient- 
ly correct. 


29. To work an azimuth by the Gunter's Scale. 


Find the co-lat., co-alt., the half ſum, and half difference, as ahove. 

Then, On the ſcale of log. fines, ſet one point of the compaſſes on 

the half ſum, extend the other point to the co lat., obſerving whether 

the ſecond point falls to the tight or left, of the firſt, and take the com- 
paſſes off without altering theic extent. | 

t one point on the co alt, and let the ſecond point fall where it will 

(the ſame way it did before) ; there hold it, and open the compaſſes till 


the other point falls on the half difference, then take them off without 
altering their extent. Sg | 
| Now 
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Now ſet one point of the compaſſes on the braſs pin at the beginning, 
or right hand end of the ſcale of verſed fines (marked V. S.), turn the 
other point to the left, and obſerve what degrees and minutes in the 
verſed fines it falls on ; thoſe degrees and minutes will be the azimuth, 
if the latitude is ſouth : but if north, take them from 180“, and the 
remainder is the azimuth ſought, reckoned in both caſes from the north, 

If the extent, when applied from the co-alt.'to a fourth, ſhould reach 
beyond the right-hand end of the ſcale, as will ſometimes happen, then 
lay the Gunter flat on a board or table, and let the point reſt on it in a 
line with the fines, and take the extent from thence to the half difference, 
and work as hefore. | * 6 a 

Theſe directions, with thoſe in Book III. 84, 85, will remove all the 
ſeeming difficulties, that beginners may meet with, in working an azi- 
muth by the Gunter's ſcale. | | 


Exam. I. At ſea, in latitude 400 38“ N., in the afternoon, the Sun' 
altitude was obſerved to be 209 467, when his declination was 17 10'S.: 
required the Sun's true azimuth at that time. 


By LoGaRITHMS. 


The eo-alt. is 69 14” | Ar. co-log. fin. co-lat. = 49® 22 0,11982 


The co-lat. is 49 22 Ar. co-log. fin. co-lat. = 69 14 0,02917 
| Log. fin. } ſum = 63 31 9.9518; 
The diff. p=19 52 Log. fin. 4 diff. = 43 39 9.83901 
Now 1079 10'=a =go?® & decl.| The ſum of the four logs ' 19,9398; 
And 19 $2=D. | —— 
Their 4 fum gives 38755“ 9,9699 


127 020633 17 ſum. 
2 


The double is, 137 50, which is the Sun's 
87 18/43 39 = diff, | true azim. from the N. point of the horizon, 
| By GUNTER's SCALE. 

On the fines, the extent from 63* 31” to 499 22/, will reach from 69? 
14 to a little more than 529. Let the point reſt there, and extend the 
other to 43% 39“; this extent will reach from the beginning of the verſed 
fines to about 429, which taken from 180 leaves 138 for the azimuth 

from the N. point of the horizon, and is very near what was found by 


the logarithms. | 
Exam. II. Vbat is the Sun's true azimuth in the latitude of 260 30' Ns 
when his altitude in the forenoon is 240 287, and his decl. is 229 40 N.? 


"DY By LoGARITHMuVSVS. 
The co- alt. is 65 32 Ar. co- log. fine co- lat. = 63* 30/ 0,048!1 


The co- lat. is 63 30 Ar. co-log. ſin. co-alt. = 65 32 0,04086 
| 8 Log. fine + ſum = 34 41 9,75 
The diff. Dd 2 ©2 | Log. fine + diff. = 32 39 0,739 


Now 67 20e A, is 900 leſs decl. The ſum of the four logs 19,5762! 
Aad 2 02 =d 1 — 


Their 3 ſum, gives 370 82 9,76810 
69 22 


34 41'=24 ſum: | | 
15 5 The double is, 75 44, which is the Sur! 
65 18032 39 =} dif, | true aaim. from the N.pointof * 


22828 "Ss | FI PI. 7 


Book IX. DAYS WORKS, 241 
| | By GUNTER's SCALE. 

On the log. ſines, the extent from 340 41 to 639 307%, will reach from 
65* 32' to ſome point beyond the right-hand end of the ſcale ; let the 
point of the compaſſes reſt there, and extend the other point to the fine 
of 32® 39/, and this extent will reach on the verſed fines, from the 
beginning, or o deg., to 104 20”, the azimuth from the ſouth, nearly 
a fouhnd by logarithms. | | 

Exam. III. At the iſland of St, Helena, in lat. 169 oo! S., the Sun's 
altitude was _— in the forencon to be 30 22“ when his declination was 


„ 


229 58 S. What was the Sun's azimuth at that time? 
The co-lat. is 749 oo | Ar. co- log. ſine co-lat. = 74% oo” 0,01716 
The co-alt. is 59 38 | | Ar. co. log. fine co-alt, = 59 38 0,06409 


Log. ſine 3 ſum = 40 42 9,81431 
The diff. Þ = 14 22 Log. fine 4 diff. = 26 20 9, 64093 


— ——— 


Now 67 02A, is go? leſs decl.} The ſum of the four logs. 


| 198544 

And 14 22 =D. 5 — 

; | Their ; ſum, gives 362 12/ 9,77127 

81 24% 42'= } ſum. 88 — 

92 2) — Which doubled, is 72 24, for the Sun's true 

1 40.26 20 = diff. I azim. from the ſouth, or 105936” from north. 

al Or thus: The extent from 40 42” to 74 co on the fines, will reach 

* ſrom.the fine of 59? 38/ to a point beyond the limits of the ſcale ; then 

as the extent from that point to the fine of 26® 200 will reach on the verſed 

985 ſines from o deg. to about 1072 40”, the azimuth from the north. 

r Exam. IV. On what point of the horizon, at the Cape of Good Hope, 

992 dees the flar Aldebaran bear, when its altitude is 22925“? | 
mi” The co-alt. is 639 35“ Ar. co- log. fin. co-lat. = 552 45” o, 8271 

: The co-lat. is 55 45 Ar. co-log. fin. co-alt. = 67 35 0, 03412 

OA Log. fin. + ſum = 58 54 9.93261 

The diff. DO 2 11 50 Log. fin. z diff, 47 O5 9, 86472 


— — — — — — 


Now 1059 80 A, 1 90, & decl. The ſum of the ſour logs. 19,91416 
And 11 50 . . - 


| Their L ſum, gives 64 57” 9.95708 


117 40 80 54 ſum. 
0e Which doubled, is 129 54, for the Sun's true 
94 09147 of = 2 diff, | azim. from the S. or 500 o06' from the N. 


Or thus: The extent from about 599 to about 674“ on the fines 
reaches from about 5549 to about 63® : then the extent from about 63® 
io about 479, reaches from the beginning of the verſed ſines, to about 
50® for the azimuth from the north. „ 

Theſe examples ſufficiently ſhew, that an azimuth may be worked by 
the Gunter's ſcale, not only with great readineſs, but alſo as accurately 
as the magnetic azimuth can be taken by.the compaſs. _ 

he manner of working amplitudes and azimuths have been pretty 
largely inſiſted on, in order to render them familiar to mariners ; who, 
for the generality, eſteem theſe operations very troubleſome ; and it is on 
this account that many writers have contrived various tables to cemove 
the trouble complained of : but from a due conſideration of what is here 
e, it is apprehended ſuch tables will not hereafter be much wanted. 
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<7 $E:CT.10-M+.; 
30. Of the Variation of the Compaſs. 


The magnetic poles are thoſe points of the world, towards which the 
north and touth ends of the needle in the ſea compaſs are directed. 

Magnetical meridians are imaginary lines, paſſing through the mag- 
netic poles. k 1 : | 

The variation of the compaſs is the difference between the bearings of 
the true and magnetic north poles ; and is meaſured by an arc of the ho- 
rizon contained between the true and magnetic north points of it. 

The variation is named ea, when the magnetic north point is to the 
eaſtward of the true north: but when to the weſtward, it is named weſt 
variation. 73 . 

The magnetic amplitude of a celeſtial object is its bearing by the 
compaſs when in the horizon. 

The magnetic azimuth of a celeſtial object is its bearing by the 
compaſs when above the horizon. . | 

The variation is found by comparing the true and 'magnetic ampli- 
tudes or azimuths of celeſtial objects together. 

The uſe of the variation is to correct the courſes which a ſhip has 
ſteered by the compals. | 


or PROBLEM. 


Given the true and magr.etic amplitudes, er azimuths, of a celeſlial object: 
Reguired the variation of the compaſs. IS 


SOLUTION. 


Let the true and magnetic amplitudes, or azimuths, be reckoned 
from the north; and named eaſt when the obſervation is made in the 
forenoon ; but weſt when made in the afternoon. 

Then the difference between the true and magnetic amplitudes, or 
azimuths, is the variation of the compaſs. 


And is of the ſame name as the, true amplitude, or azimuth, if the 
true is greater than the magnetic : but when the true is leſs than the 
magnetic, the variation is of a contrary name to the true amplitude, or 
. | 


For, let x repreſent the true north point of the horizon, and the arc 
x wo the true amplitude or azimuth : it is evident, that if the arc own, 
repreſenting the magnetic amplitude or azimuth, be Jeſs than own; then 


the magnetic north point of the compaſs will fall on the fame ſide of 


the true north, that the amplitude or 2zimuth is on: but when greater, 
u falls on the contiary ſide. Plate XIV. Fig. 8. 


i 
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Ex AM. I. The Sun was obſerved 
to riſe 709 ſrom the north by the com- 
paſs, when his true amplitude was N. 
81 45 E. What was the varia- 
tion, and cuhich way? ? 

True amplitude SA 

Magnetic amplitude = 70 05 


The variation = 1 45. . 
Exam. III. Suppoſe the Sun's true 
azimuth to be N. 84% 40 V., when. 
ty the compaſs his bearing was I. b. 
S. e required the quantity and quality 
H the variation. 8 
True azimuth = 84 400 W. 
Mag. azimuth = 101 15 S9 pts 


— — — 
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Ex AM. II. The Sun was obſerved 
by the compaſs to ſet MS. when his 
true amplitude was N. 1269 17 V.. 
required the variation of the compaſs, 
and which way. res 

Troe amplitude = 126%177W., 

Mag. amplitude = 112 30=10pts. 


The variation = 13 47 W. 


Ex AM. IV. ben the Sun was ob- 
ſerved to bear ESE., his true azimuth 
was found to be N. 882 46 E. 
what was the quantity and name of 
the variation ? 

True azimuth = 


880 467 E. 
Mag. azimuth 


112 30 


The variation = 16 35 E. 


The variation = 23 44 W. 


The manner of finding the variation being known, the courſes may 
be corrected by the following rules. 


32. P ROB 


L E M. 


Given the courſe ſet, and the variation of the compaſs : 


Required the true courſe the ſhip fleers. 


SOLUTION. 


Let the perſon ſuppoſe himſelf looking the way the ſhip ſails; then 
the courſe ſteered by the compaſs mult be altered as many degrees, or 
points and parts of a point, as the variation amounts to towards the right 
hand, if the variation be eaſt ; but it muſt be altered the like quantity 


towards the left hand, if the variation be weſt. 


Exam, I. Suppoſe the variation ts 15 point II; to correct theſe courſes, 


NAW. Si. 1 I.,; SE. b. $3 E. 


Courſes ſet NNW. 2 pts [SW. 2 W. 4 
Variation Add 17 pts. 


> ENE. 1 E. 


3 Pts. S E. b. S. 4 E. 33 pts. EN E AE 64 
Subtr, 12 pts 


Add I, pts. Subtract 14 


Cor. co. NW. b. N Wzzpt- SW. b. S. 3 


SE.b.E 4 E. 52 NE. 4 E. 43 


Exam, II. The variation is 18 E.; ts correct the following courſes. 


Variation Add 18 60 


Subtr. 18 


Courſes ſet NE. b. N. 3345 [ b. E.—=11* x5” 


Cor. cour, N. 51 45 E. 


V 2 


S. 6 45 w. 


SW. b. W. = 56 15” NW. 24g οο 

oo Add 18 oo Sudtr. 18 o 

— — 5 — cut 
S. 74 15 N. 27 oo 
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33. Of finding the Ship's drift, or leeway. 
When a ſhip turns to windward, or is cloſe hauled on a wind, the 

generally runs to the leeward of her intended courſe. | 


Lerwar is the angle, which the ſhip's real courſe makes with her 
intended courſe, occaſioned by contrary winds, and a rough ſea. 


\ 


The leeway made by different ſhips, under the ſame circumſtances of 


wind and fails, will be different; and even the ſame ſhip, when diffe- 
rently laden, and having more or leſs ſail abroad, will make more or lefs 
leeway. However, the following precepts for allowing for the leeway 
have been generally given by Engliſh writers; they were firſt publiſhed 
by W. Jones, Eſq. who had them from Mr. John Buckler. 


34» Allowances for Leeway. EN 
1ſt. When a ſhipiscloſehavled, has all her ſails ſet, the water ſmooth, and 
a moderate gale of wind, ſhe is then ſuppoſed to make little or no leeway. 
2d. Allow one point, when it blows ſofreſh that the ſmallſailsaretakenin, 
Za Allow two. points, when the top-ſails muſt be cloſe reefed. 
4th. Allow two points and a half, when one top-ſail mutt be handed, 
5th. Allow three points and a half, when both top · ſails are to be taken in. 
th. Allow four points, when the fore courſe is handed. 
7th. Allow five points, when trying under the main fail only. 
8th. Allow fix points, when both main and fore courſes are taken in. 
gth. Allow ſeven points. when the ſhip tries a hull, or all fails handed. 
When the wind has blown hard on any point of the compaſs, and 
ſhifts to the oppoſite point, the ſhip will make leſs leeway than ſhe did 
before. 5 
But in all theſe caſes reſpect muſt be had to the roughneſs of the ſea, 
and the trim of the ſhip. | 


$6. P R O B L E M. 
Given the place of the wind, the courſe ſet, and the leeway. 
Reguired the true courſe the ſhip makes. | 


RuLe. Count the neareſt way of the compaſs from the wind to the 
courſe ſet, and as many points and parts beyond as the leeway 
amounts to, and it gives the true courſe which the ſhip makes. 


Exam. I. The wind NIV. b. N., Exam. II. he wind SE. b. S., 4 
the caurſe ſet NE. b. N., leeway 1| ſhip is cloſe hauled with her ſtarboard 
point: What is the courſe made good? | tacks aboard, and both top-ſails handed: 

The wind NW. b. N. | IV hat is her true courſe ® © 

Courſe ſet NE. b. N. = 3 points. The wind SE. b. S. 

Add the leeway = 1 point. | Courſe ſer E. b. N. = 7 points 
| * Subtract leeway = 32 points. 

True courſe NE. 4 points. | True co. NE. b. N. E. = 3+ points 
lere, counting the neareſt way in| The ſhip being cloſe hauled, is ſup- 
the compaſs from NW. b. N. to NE. poſed to be 6 pts. from the wind, aud 
by N. and one point farther for the lee- muſt be in the NE. quarter, being on 
way, becauſe the wind drives her far-| her ſtarb. tacks ; then counting 6 pts 
ther towards the caſt, will give NE. from SE. b. S., gives E. b. N. 7 pts; 
for the true courſe that the ſhip makes. from which the leeway is to be taken. 


SECTION 


Inſtead of the ſhade vane there is general a 
GLass VANE, becauſe it has a convex lens (or, a8 uſually called. a 


or g0?.. 


37. To obſerve the Sun's altitude or zenith diftance' by Davis's quadrant. 
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/ Inſtruments for taking Altitudes. 


The altitude of the Sun, or any other celeſtial object, may be obſerv- 


ed by inſtruments contrived after various ways; thoſe only which are 
belt adapted for uſe at ſea, will be here conſidered, nE 


Of Davis's QUADRANT. 


* ” * N 


ny oo braces. 5 PHE 

he upper, or as it is commonly called, the GREATER ARcn, 
uſually contains 65 degrees, not ſubdivided into ſmaller parts ; and the 
LEssER ARCH contains 25 degrees, which, on account of their larger 
6ze, are ſubdivided into fmaller parts, and theſe, by the help of diago- 
nal diviſions, and r1 concentric circles, are uſually ſubdivided into ſingle 


minutes. f 
There are three pieces called vanes, ſo fitted to the inſtrument as to 
ſand at right angles to its plane. 5 3 
l 47. The HoRIZ ox V. ANE is fitted to {lip on the end of the bar or 
radius, cloſe to the center of the two arches. In this vane there is a long 
fit, through which the horizon, that is, the line where the ſky and wa- 
ter apparently meet, is to be ſeen, . „ 
Secondly, Ihe SiGHT VANE, which is ſo fitted as to ſlide along the 
lefſer arch of 25 degrees, having a ſharp. edge to cut the diviſion it 
ſtands at ; and in a line with this edge is a ſmall hole, through which 
the horizon is to be ſeen through the ſlit in the horizon vane. | 
Thirdly, 1 SHADE VANE, which is fitted to ſlide on the greater, 
or 65 arch. The upper line of the ſhade caſt by this vane is to fall on 
the edge of the flit in the horizon vane during the time of obſervation. 
y uſed another, called the 


burning glaſs) fitted to it, which colleQs the 
ſpot on the horizon vane. pe | | 
© AB, is the bar or radius. Bc, the leſſer or 25 arch. DE, the greater 

or 65 arch. ab, cg, hi, are braces which fix the arches to the radius 
and ftrengrhen the inſtrument. & the horizon vane. H the ſight vane. 
# the ſhade or glaſs vane. © FA a tay ef the ſun · Z. DAc a right angle, 


un's rays into a bright 


I 


gee Plate XIV. Figure 9. n 
Firſt, Put the horizon yane on to the end 4, of the bar AB; and. let 


it go cloſe to the ſhoulder at A. Set the ſhade or glaſs vane on the arch 


933 DE 
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DE to an even degree, about 10 or 15 degrees leſs than what the zenith 
diſtance is judged to be; and put the fight vane H about the middle of 
the arch 3e: obſerving that the ſhade and ſight vanes be thruſt cloſe to 
the backs of the arches. . nut 54: | FY 
Secondly, Turn your, back to the Sun, hold the plane of the inſtru- 
ment in an upright poſition; look through the hole in the ſight vane, and 
raiſe or lower the quadrant until the bright ſpot, caſt by the Sun through 
the glaſs vane, falls on the © in the line drawn through the lit in the 
horizon vane; then, if the horizon is ſeen through the flit in the hori- 
zon vane, even with the ©, the quadrant will give the Sun's altitude 
or zenith diſtance at that time. „ . 
Third, But it the {ky appears through the ſlit inſtead of the horizon, 
flide the ſight vane H higher, until the horizon coincides with the bright 
ſpot falling on O; or if the ſea appears inſtead of the horizon, flide 
the ſide vane j lower until the ſpot aud horizon come together, and the 
obſervation at that time is made. _ 3 . 
Fourthly, To the degrees between D and F add thoſe between c and 
N, their ſum gives the zenith diſtance : but the, degrees between B and 
n added to thoſe between x and E ſhew the altitude. 53 
38. Now to find the latitude, the meridian altitude or meridian zenith 
diſtance of the Sun is wanted. Therefore begin ſome time before noon, 
and having taken an obſervation as above directed, wait a minute or 
two and obſerve again; and if the ſea appears through the horizon vane, 
the Sun has got higher, ,therefore ſlide the ſight vane lower, till the ſo- 
lar ſpot and horizon coincide ; and thus continue obſerving at ſhort in- 
tervals, until the ſky appearing inſtead of the ſea ſhews that the Sun has 
paſt the meridian ; when this happens, let the vane ſtand as at the laſt 
alteration, and add the degrees in the greater arc to the degrees and 
minutes in the lefſer, their ſum gives the meridional zenith diſtance, 
If inſtead of the bright ſolar ſpot, the upper border of the ſhade he 
made to fall upon the horizon line, at the time the horizon is ſeen through 
the fit in that liue, then the ſum of the arcs is the zeuith diſtance of 
the Sun's upper edge or limb, to which add 16 minutes, and the ſum 
is the diſtance of the Sun's center from the zenith ®, | 
309. One great objection againſt this inſtrument is the trouble and 
time loſt in ſliding the ſight vane up or down, which ſometimes cannot 
be done without taking the quadrant from the eye, by which means an 
opportunity may be loſt of making the obſervation, But this defect is 
removed by having an index or ruler fitted to the quadrant ; one end of 
it moving round the center to which the horizon yane is fixed, and the 
other carrying the light vane along the arch. By this contrivance the 
ſight vane may be readily raifed higher, or Iowered, by the motion of 
the index about its center, without taking the inſtrument from the eye. 


— q 
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* This rule is given by moſt writers; but as the extremity of every ſhi- 
dow caſt by the ſun is penumbral, 100 faint at the very extremity. to be per- 
ceptible, and ſo nearly dat k be fore it is really fo that the limit of the pe- 
numbra cannot be diſtinguiſhed, it is obvious that it cannot be proper for 
practice, here the obſerver muſt neceſſarily take the middle between the 
two ti nothing muſt therefore be allowed for the ſun's ſemi diameter. 


— 


5 5 40. There 
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40. There is another inſtrument, called a Fox E STAFF, or Cross 
STAFF, that has been long ufed at ſea for taking the altitudes of ce- 
leſtial objects, particularly the ſtars. In uſing this inſtrument the ob- 
ſerver holds one end of the ſtaff, which is a three feet rod, cloſe to one 
fide of his eye, and ſlides a tranſum or croſs piece, which is in an up- 
right poſition, along the ſtaff, until one end of the croſs touches the ſtar, 
and the other end the horizon at the ſame time; then the divifion of 
the ſtaff, which the croſs ſtands againſt, is the altitude. But the many 
inconveniencies which attend the uſe of the croſs-ſtaff, make it now of 
little note, eſpecially ſince the uſe of Hadley's quadrant is become more 
general; as this inſtrument far ſurpaſſes all others for obſerving altitudes 
and diſtances of celeſtial objects at fea, both in eaſe and accuracy. 


Of II ADLEY's QUADRANT. 
44. | The deſcription and uſe. Pl. XIV. Fig. 11. 


This inſtrument conſiſts of the following parts. 

I. The arch Anc, which is generally an octant, or eight part of a 
circle; but is more uſefu}, when it is a ſextant, or ſixth part of a 
circle. | EEO | bs x 

II. The index p, with its Vernier's ſcale. 

III. The ſpeculum x. 1 

IV. Two horizon glaſſes, F and G, with their adjuſters, 

V. Two ſkreens, K, K. | 95 
VI. Two fight vanes, N, I. 


1 


I. Of the Odtant. 


The octant conſiſts of the two radius's or bars AB, AC; the arch or 
limb ac; and the two braces, L, M, which are to ſtrengthen and pre- 
vent it from warping.” Although the arch contains only the eighth part 
of the circumference of a circle, or 45 degrees, it is divided into go 
primary diviſions, each of which ſtands for a degree; they are number- 
ed o, 10, 20, 30, ©c. to go, beginning at each end of the arch for the 
convenience of numbering both ways, either for altitudes or zenith di- 
ſtances. Every degree is ſubdivided into two or three parts, and theſe 
again into fingle minutes, either by diagonals, or Vernier's method, 


which is better. 
II. Of the Nenn 


The index p is a flat bar, moveable round the center of the inſtru- 
ment ; that part of the index which ſlides over the graduated arch Be, 
has either a ſharp edge to cut the diagonal diviſions, whea the limb is 
ſo divided, or has Vernier's ſcale on it. 


From the bottom of the index a piece of braſs turns up againſt the 
back of the inſtrument, with a ſcrew in it, ſerving to faſten the index 


againſt any diviſion, 


U 4 When 


— 


i 
| 
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When the index is moved along the arch, it ſhould be taken hold of 
by the bottom part, and not by the middle. 

The principles, upon which the Vernier's ſcale depends, were ſhewn 
in Book V. art. 219. 3 but it may be proper to add ſome general direc- 
tions in this place, by which learners may be enabled to read the degrees 

nd minutes ſhewn by the index. 1 8 5 

The generality of Hadley 's quadrants are of 15 or 18 inches radius, 
and have each degree on its limb divided into three parts, of 20 minutes 
each, The breadth of the Vernier's ſcale is therefore equal to 7 de- 
grees; and as theſe ſeven degrees are divided into 21 parts on the limb, 
each of 20 minutes; the ſcale is divided into 20 equal parts: conſe- 
quently each diviſion on the ſcale is larger than each diviſion on the 
limb by eth part of a diviſion on the limb, or th of 20 minutes; 
that is, each diviſion on the ſcale exceeds each on the limb by 1 mi- 
nute of a degree: conſequently if any one diviſion of the Vernier: 
ſcale ſtands againſt one of the diviſions on the limb, no other diviſion 
on the ſcale can coincide with a diviſion on the limb. 

Nou the middle line of the index p, which is the moveable radius 
of the quadrant, is the index, or pointer, of the Vernier ſcale, and is 
uſually its middle line; there being 10 diviſions, or minutes, on each 
fide, numbered 5, 10, to the right, and 15, 10, to the left ; that is, the 
firſt 10 minutes of the ſcale is reckoned in order from the middle line or 
index to the right; and the latter 10 minutes is to be reckoned from the 
left-hand end of the ſcale towards the right, and ends at the middle 
line, where the others began. ** P 

Suppoſe the middle line, or index of the Vernier ſtood againſt 48? 

and ſomewhat more than one ſubdiyiſion on the arch of the inſtrument. 
Examine, firſt towards the right hand of the ſcale, if any of its divi- 
ſions ſtand againſt a diviſion on the arch; and ſuppoſe that the 5th di- 
viſion from the middle one is found to do fo: theſe ſeven muſt be added 
to what the middle line on the Vernier ſtood beyond on the arch; that 
is, to 48 1, or 48 20, and the whole will be 48* 27” that the inder 
of. the inſtrument ſtood at on the arch. But if none of the right hand 
diviſions ſtand againſt a diviſion on the arch, examine thoſe on the left 
hand, beginning at.the extreme one, and proceding towards the middle; 
and let the 16th diviſion be that which coincides with a diviſion on the 
limb (for ſome one will); then thoſe 16 added to 48 20” make 4%? 
36' for what the index ſtood at. A magnifying glaſs, or double con- 
vex lens of a ſhort focus, will aſſiſt the obſerver in diſtinguiſhing that 
diviſion on the Vernier which coincides with, or ſtands againſt a divi: 
c 


1 the Speculum. 


The ſpeculum is a flat piece of glaſs, quickſilvered on one ſide like 2 


common looking -glaſs, and fixed to the index by means of a braſs frame, 
directly over the center of it; its ſurface coinciding nearly with the 
firſt diviſion of the Vernier, and exactly perpendicular to the plane of 


te inſtrument. I he poſition of its ſurſace muſt therefore alter as the 


index turns on its center. 
' The uſe of the ſpeculum is to receive the rays from the object obſerr- 
ed, and refleQ them on the horizon glaſſes. CE Sg T9 


— 


— : ws 6. 


then the horizon glaſs is adjuſted. 
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IV. Of the Horizon Glaſſes. 


Theſe are ſmall pieces of looking-glaſs placed on one of the radius's, 
the face of one of them being parallel, and that of the other perpendi- 
cular to the ſpeculum when the index ſtands at o; they receive the re- 
feed rays of obſerved objects from the ſpeculum and tranſmit them to 
the eye of the obſerver. | , 

The glaſs r has only its lower part quickſilvered, and ſet in braſs 
work: the upper part being left tranſparent to ſee the horizon through 


ik, . g 
In the middle of the glaſs G is a tranſparent flip, through which the 
horizon is to be ſeen. 185 8 
Both of theſe glaſſes are ſo mounted, as to have their poſitions ſet truly 
by their adjuſters at the back, ſhould the frame of the inſtrument be 
warped. | | 
| V. Of the Skreens. 


Theſe are two pieces of coloured glaſs ſet in frames, to prevent the- 
Sun's rays fram hurting the eye during the time of obſervation. When 
they are uſed with the glaſs r, they are to be where the figure ſhews 
them; but when uſed with the glaſs G, they are to be ſet at their hole r 
above G. | | n 5 


. VI. Of the Sight Vanes. 


That at H is uſed with the glaſs & in back obſervations : and the fight 
yane 1, which has two holes, is uſed with the glaſs F in fore obſer- 
vations, | 
For with this inſtrument an obſervation may be made with the face 
turned from the object, which is called a back obſervation; or with the 
face turned towards the object, which is called a fore obſervation : but 
before any obſervation is attempted, the inſtrument ſhould be examined 
to ſee if it is fit for uſe. a : 


' To reftify, or adjuſt, Hadky's Quadrant. 
42. | I. For the fore Obſervation. 


Bring the index p cloſe to the button &, that the middle of the Ver- 
nier's ſcale may ſtand againſt o degrees. Hold the plane of the inſtru- 
ment vertical with the arch downwards; look through the right-hand 
hole in the vane 1, and direct the ſight through the tranſparent part of 
the glaſs F to the horizon. Now if the horizon line, ſeen both in the 
quickſilvered part, and through the tranſparent part, ſhould coincide, 
or make one ſtraight line, the glaſs F is truly adjuſted. But if one of 
the horizon lines ſtand above the other, ſlacken the ſcrew in the middle 
of the lever, behind the glaſs r, and turn the ſcrew at the end 
of the lever, backwards, or forwards, as there is occaſion, until the 
horizon lines coincide; faſten the ſcrew in the middle of the lever, and 


43. II. 
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43. II. Fer the back Obſervation, ö 


Turn the button 5 on one fide, find the dip of the horizon on your. 
| Height above the water in the following table, and ſet the middle line of 
the index p as many minutes before o degrees, as there are in twice that 
dip. Hold the plane of the inſtrument vertically, with the arch dowu. 
wards; look through the hole in the vane H, and if the horizon line; feen 
| through the tranſparent ſlit in the glaſs o, coincides with the image 
of the horizon ſeen in the quickſilvered part of the ſame glaſs, then the 
glaſs & is in its proper pofition. If not, flacken the ſcrew pin in 
ide middle of the lever, behind the glaſs G, and, looking through the 
vane B a8 before, turn the ſcrew at the end of the lever backwards, or 
forwards, as it is wanted, until the horizon lines coincide; then tighten | 
mme middle ferew, and the glaſs's is adjuſted.” In ſetting this ylaſs by 
| The oppoſite horizon, the head ſhould be held a little back wards, not to 
' Intercept the light from behind. I he horizon ſeen from behind wall 
de inverted; that is, the water will appear above, and the ſky below: 
if the two horizon lines croſs one another, the inſtrument is not held 


— 7 FF * * » = 4 n 6 "Y $7 
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To tale the Sun's altitude 'with Hadley s Quadrant. 
4200 N 2 ; 3 1 "EY © f B Hofe ri 2 =o 
I. By the fore Olſervation. , 


Fix the ſkreens K above the horizon glaſs r, uſing, either, or both of 
them, according to the frength of the Sun's rays, by turning one or 
both of the frames of thele glaſſes cloſe againſt the plane or face of the 
' Inſtrument; then the face being turned towards the Sun, hold the #4 
quadrant by the braces E, , or by either radius, as is found moſt con- 
"venient, fo as to be in a vertical poſition with the arch downwards; 
Put the eye cloſe to the left hand hole in the vane 1; look at the horizon 
1 the tranſparent part of the horizon glaſs ; at the ſame time, 
move the index Þ with the left band until the image of the Sun, ſeen 
in the quickſilvered part, falls in with the line of the horizon, taking 

either the upper or under edge of the ſolar image. Swing your body 

gently from fide to fide, and if that edge of the Sun which is obſerved 
touch the horizon line. like a tangent without cutting it, the obſervation 
'is well made: and the degrees on. the arch, reckoned from that end. 
nert your body, gire the altitude of that edge of the Sun which was 
brought to the horizon. | 4 3 
lf the lower edge was obſerved, then 16 1977 7 added to the faid 
degrees, give the altitude of the Sun's center; but if the upper edge was 
uſed, the 16 minutes muſt be ſubtracted. . © a wy 
. 1 2s 53 II. By the back Obſervation. ? a 1 
. | | ; 
1 Put the ſtem of the ſcreens K into the hole next the horizon glaſs 6, 
2 ing them as before faid, according to the ſtrength of the Sun's rays: 

Then the back being, turned to the Sun, hold the inſtrument by the 

radius c and brace L, in a vertical poſition with the arch downwards; 

put the eye cloſe to the hole in the vane R, look for the _— 


- 


3 
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- rough the tranſparent flic in the glaſs 63 with the right hand move the 
index D, until the image of the Sun, ſeen in the quickſilvered part of 
the. glaſs G, ſtands in the horizon line, ſeen through the tranſparent 
fit, uſing either the upper or under edge of the Sun as is moſt con- 
venient.” Swing your body gently to the right and left, to try if the 
Sun's edge runs along the horizon; if it does, the obſervation is well 
made, and the degrees reckoned from that end of the arch fartheſt from 
| your body, will give the altitude of that part of the Sun which was 
obſerved. = * | 
the Sun's lower edge was obſerved, then 16 minutes ſubtracted 
from the ſaid degrees, will give the altitude of the Sun's center; but 
| if the upper edge was obſerved, then 16 minutes are to be added. 
Im either of theſe obſervations, if the altitude of the center could be 
obſerved, there would then be no need of uſing the 16 minutes. 
40. The fore obſervation is rather moſt convenient, eſpecially in 
great altitudes, becauſe there is a much larger ſcope above and below 
the altitude wanted, than there is in the back obſervation, which on 
account of the obliquity of the ſpeculum and horizon glaſs is more con- 
tracted in its uſe. And indeed the back obſervations need never be 
* uſed for the Sun, when there is a clear horizon forwards, or under the 
Fun: when this is hazy and ill defined, it is beſt to uſe the back obſer- 
vation, if the horizon is clear that way; it is proper therefore, that the 
horizon glaſs G ſhould be always in readineſs, by having it well ad- 
juſted ; and becauſe the former method is not readily attained by begin- 
pers, we ſhall annex another ſome what more convenient. 


E 
*. 


. Another way to adh uff for the back Obſervation. 1 


Tanke the altitude of the lower edge of the Sun by the fore obſervation, 
z near to noon as can be; then put the ſkreens into the hole near the 
yane H, and turning your back to the Sun, and holding the inſtrument 
properly: taking care not io move the index, look for the horizon line 
through the tranſparent flit of the glaſs 6; and if the horizon line 
* tonches the upper edge of the Sun's image in the glaſs o, it is properly 
a if they do not touch, turn the glaſs by the lever behind it, till 
15 e eee ene * 


„ This operation muſt be done quickly, before the Sun ſenſibly alters in 
| altitude; and may be frequently repeated to make the fore add back ob- 
| Jerrations agree. | fl =b7 NY „„ g Cope 
. 9 4 1 


| = [5 Shs : 1 | 4 ®:; F! n 
T0 take the allitude of a flar by Hadley's Quadrant. 
48. I. By the fore Obſervation. 

A n , * 


Look direAly up at the ſtar through the vane 1 and tranſparent part 
.of-the glaſs H, the ipdex p being cloſe to the button ö; then will the 
image of the ſtar, by reflection, be ſeen in the ſilvered part right againſt 
# the ſtar, ſeen through the other part. Move the index forward, and as 
the image deſcends, turn the quadrant round its center keeping it all 

| [Abe time in a vertical poſition, and the image of the ſtar on the ſilvered 
| . part 
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part of the horizon glaſs till it comes down to the horizon, ſeen through 
che tranſparent part; and the obſervation is made. Ry 


49. If the altitude of the ſtar is pretty great, ſome other ſtars, beſide 
that wanted, may el. Ap reflection from the gteat ſpeculum, on the 
3 63; theſ will dance with the motion of the inſtrument, 
ut the true ſtar will remain at reſt about the middle of the glaſs, and 
and ſo the others cannot be miſtaken for it. Wie 

For the principles of the conſtruction ſee the appendix. 

50. Hadley's Quadrants, within a few years paſt, having been applied 
to take the obſervations neceſſary for finding the longitude at ſea, it has 
beep found that ſuch obſervations required; a degree of accuracy, of 
which the inſtruments conſtructed in the common way were not capa- 
ble: and expert mariners having complained. of theſe gekecte different 

workment have applied ſundry articles to the quadrants to remedy the 
inconveniencies complained of; ſome of which follow. 5 
1ſt. A ſcrew to the lower end of the index, to regulate its motion 
when brought by the hand to a diviſion ſhewing nearly the contact re- 
quired; and a magnifying glaſs to read off the diviſions ſhewn on the 
Limb by the Venen. * 
2d. A ſmall tube, or teleſcope, inſtead of the ſight vanes, to direct the 
the line, of fight parallel to the plane of the qu 1 which tube is to 
be ſcrewed into a ring fixed to a ſquare ſtem that ſlides in the ſocket 
made for the ſight-vane, and by the help of a ſcrew at the back of the 
quadrant this ſtem may be raiſed or lowered, fo as to move the axis of 
the teleſcope to point to any part of the horizon glaſs which is judged 
- fitteſt for the obſer vation. e TS 
3d. The arch has alſo been extended from an Octant, to a Sextant, 
dt the ſixth part of acircle; by which means angles exceeding go degrees 
may be obſerved; and ſuch angles are often wanted in taking the an- 
dcn the Mopn and Sun, or Moon and Star. Alſo, 
for the convenince of holding the inſtrument eaſily in ſuch obſervations, 
a ſtout andle is fixed. to the back, which is a very neceſſary addition. 
Ath. The ſpeculum being liable, in the ordinary way of fitting it, to 
be bent; and conſequently the ſame obſervation would have different 
meaſures, according as the object happened to be reflected from dit- 
ferent parts of the ſpeculum; this has lately been rectiſied by a new 
manner of ſetting the ſpeculum in its frame. | | N 
gth. A new method of adjuſting the glaſſes for the back obſervation 
has been lately diſcovered, very accurate in principle, and ready in 
practice, by the ingenious Mr. Peter Dollond, Optician to his Majeſty; 
who alſo thought of the method of preventing the index ſpeculum from 
being bent in its frame. By his adjuſtments, angles of any magnitude 
under 180 degrees may be taken; viz. by the ſore obſervation all under 
120, with a Sextant; and by the back obſervation, all between go and 
180 degrees. | | 
Sth. Although Mr. Hadley at firſt directed that the line of fight 
* ſhould be parallel. to the plane of the inſtrument; and for placing and 
preſerving it ſo, prepoſed, that two parallel wires ſhould be fixed in 


the tcleſcope parallel to the plane of the quadrant, and that the con- 


ta 
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tact of the objects ſhould be obſerved in the middle between the two 
vires; yet theſe circumſtances not being ſufficiently attended to, the two 
parallel wires had been neglected in fabricating the inſtrument; theſe 
two parallel wires are now replaced in the focus of che eye glaſs, ſo ag 
to divide the diameter of the field of view into three equal parts; and 
when the teleſcope is adjuſted parallel to the plane of the inſtrument, it 
will remain ſo during the obſervation. | 

7th. As every glaſs mirror has two reflections, viz. one from the fare, 
and one from the filvered back ſurface, - theſe double reflections cauſe 
not only ſome confuſions among the reflected rays, but conſiderable 
errors in the obſervations, if the face and back of the glaſs be not 
parallel planes: and as none of theſe can happen from a plane mirror. 
which has but one reflection; the upper part of the index ſpeculum, is 
now made with its back rough ground and blacked; by this means the 
rays only which fall on its face will be reflected; and theſe are found 
ſufficient when the object obſerved is tolerably bright; but when it is 
otherwiſe, the object may be obſerved from the lower part of the 
ſpeculum, which is ſilyered ; the line limiting theſe two parts is patal- 
ſel to the plane of the quadrant. Theſe two improvements were 
directed by the Rev. Dr. Maſtelyne, Aſtronomer Royal. 

The methods, by which theſe ſeveral adjuſtments are to be made, to- 
gether with ſome other particulars relating to the ule of the inſtrument, 
are fully treated of in the book which accompanies the fale of Mr, 


Dillond's quadrants. | 
51. To make an artificial Horizon, 


One great inconvenience that mariners have to ſtruggle with at ſea, 
is the frequent want of an horizon. For though the atmoſphere may 
be clear enough to give a view of the Sun or other objects, at the height 
of 10 or 12 degrees and upwards, yet all below that height is often ſo 
hazy as to hinder a diſtinct fight of the horizon; and conſequently an 
obſervation, made at ſuch a time, cannot have the deſired correctneſs. 
And although water in a veſſel will have its ſurface horizontal, and an 


_ obſervation may be made on the image of the Sun, ſeen in it when 


that water is perfectly ſtill, yet the tremulous motion of its ſurface, 
ſrom the leaſt wind, or motion of the ſhip, prevents this expedient from 
from being generally uſed at ſea; and therefore many methods have 
been propoſed; among which Serſon's whirling Speculum, or Top, was, 
for a while, thought a proper inſtrument, but it has been found im- 
perfect. Some artiſts uſe the following method. | | 
Into a wooden, or iron, circular box, of about 24 or 3 inchs diameter, 
and about ; inch deep, pour about a pound or more of quick-filver ; and 
on this lay a metal ſpeculum, or piece of plain glafs, the diameter 
of which is about £ of an inch leſs than that of the box; this will float 
in the quickſilver, and ſhew the image of the Sun very ſteady. This 
apparatus being flung in jimbals will preſerve a tolerable good horizon. 
The ſpeculum, or glaſs, ſhould be homogeneous, and have parallel 
fides. There are ſome workmen, who can work the two planes of a 
piece of glaſs, ſo that they ſhall be demonſtratively parallel, 5 
r 
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Or the fine ſurface of the quickſilver will do of itſelf, when the motion 
is not great. | 
In all obſervations made with theſe artificial horizons; a piece of co- 
Joured glaſs ſhould be fixed before the fight vane to preſerve the eye; 
and the ſkreens K may be taken off. | 


Correftions of the apparent, or obſerved, Altitude. 


In obſervations of the Sun, it is uſual to obſerve his upper or lower 


edge; to which his ſemidiameter being applied gives the apparent place 
of the center. For this purpoſe, among the tables Page 255 is one 
ſhewing the Sun's ſemidiameter, for every ten days throughout the year; 
as this is conſtantly altering with his diſtance from the Earth: but it 
is generally reckoned ſufficiently accurate to allow 16 minutes for the 
Sun's ſemidiameter. | | 

Every altitude obſerved at ſea muſt be corrected: two corrections are 
common to the center of every object; and three to the Moon. 


52. I. Tae Dir or THE HORIZON. 


The obſerver's eye being raiſed above the level of the ſea, he ſees an 
horizon below the level of the true one; and conſequently the inſtru» 
ment gives an altitude too great, when a fore obſervation is uſed ; and 
too ſmall, with a back obſervation, unleſs the latter of the two methods 
for adjuſting the back horizon glaſs be uſed. 

As this error depends on the height of the eye above the water, and 
chat on the ſize of the ſhip; a table of theſe corrections to different 
elevations has been computed aud inſerted for ready uſe. The prin- 
ciples upon which theſe computations depend are given in the appendix 


to this IXth book. | 
53. II. Tye REFRaACTION. 


The vapours in the atmoſphere cauſe celeſtial objects to appeaf 
higher, or with greater altitudes, than they really have. Theſe re- 
fractions, which are greateſt at the horizon, and diminiſh in quantity as 
the altitudes increaſe, have been collected by eminent aſtronomers, and 
are here diſpoſed of in the following table; the apparent altitude, above 
the true horizon, is to be diminiſhed by the quantity of the refraction 
on that altitude. 

For the principles, ſee the Appendix, 


54. "NIL PARALEAR:; 


From the explan jon of parallax, at art. 66. B. V. it is evident, that 
the Moon, when ſeen at the ſame time from the ſurface and center of 
the Earth, will not appear in the ſame place in the heavens; and this 
ariſes from the ſemidiameter of the earth bearing a ſenſible proportion 
to the diſtance between the earth and Moon, which on a mean is about 
20s 2 quantity that conſiderably affects the obſeryations on that planet; 
2nd therefore muſt be allowed for. But the diſtance of the Moon from 
the earth conſtantly altering, between the Apogee and Perigee, the 
parallax alſo will be continually altering. The Moon's horizontal pa- 
rallax, which lies between the limits of 53 minutes and 62 min. 1s 
given in the Nautical Almanac for every twelve hours throughout the 

: year; 
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ear; which being known, her parallax to every two degrees of altitude 


and every minute of horizontal parallax may be found in the following 


table. 
65 TABLEs 


for correcting the obſerved ALT1TUDEs of CELESTLAL 


OBJecTs. 
"The ſemi-d:am. of I Dip. or |; Retratiions o the Sun, Moon and Stars in |; 
the Sun. 4 Horizon. Al itude. 
D.y | Sun's Ait. Dip. Rs 
n | of” e. Auer Sfr may [Opp 
month | diam. month. Eye. Hor. , , 
— — — .. — 1 —— — — — = 
. feet. M. S. Deg. M. S Deg. Deg. : 
Jan. 116 31 5 j2 8 16 3 17] 35 54 
10116 210 8 |2 42 17 3 4/36 56 
20016 111 10 3 1 18 2 54/37 58 
Feb. 1016 II 1a z 18 19 2 4/3 60 
10016 21 15 |3 420 20 \2 35 39 62 
2016 11 18 4 31 IL 21 i2 27] 40 64 
Mar. 1026 Nov. 1 20 4 16 9 22 2 200 41 66 
10016 210 25 4 46 9 8 23 ½ 14 42 4 68 | 
20016 111 30 [5 1 8 24 2 7; 43 90 
Apr. 1j16 Oct. x} 25 |5 39 7 25 2 21 44 | -2 
10015 214 40 16 2 7 26 1 56} 45 74 
20015 11] 45 6 24 6 29 27 '1 52] 46 76 
May 15 Sep. 1, 50 6 44 5 43; 28 1 471 47 7% 
1007 5 21 55 7 4 5 15 29 42 48 80 
2001 5 11] 60 |7 23 4 30 [1 38; 49 82 
June 115 Aug. 1 65 |7 41 4 31 1 35 84 
10015 2175 8 16 4 32 1 31 $6 
20115 i1| 25 8 48 3 45; 33 jt 28 88 
2016 July 1100 0 22 3 30 34 11 24 90 | 
$6, TABLks of the MooN's PARALLAx in ALTITUpE. 
. . 8 Augmentation 
Horizontal parailaxes. Ho11zontal parallaxes. of the 5's 
Ng * N f ſemi-aa m. 
<> 7 „ 714, 2 7 ＋ 4| 11 NI. ons 
853164 50% oel S 50577585960 Altit. 
Deg. /, 7174 Deg 13-4143” o 
| 1 153/54 59490161162] 50 36137131339 8 
753554 9606762 52 3413513636137 5 
| 12 [52153 585906606 14} 54 33124135135 10 
1451052 58055/6% 56 32032033034 15 
16 [5115215 57058058059 58 3003031031032 20 
18 5051 561571581591] 60 28292930 2 5 
20 5051 550561571531] 62 27127|28128 30 
z aue 351565657 64 25252 15 | 35 
24 48040 5415515615 7;] 66 2 312 4]24]24 40 
30 147]48 53154155 56, 68 21022022022 45 
28 4748 5050525305405 5 70 oc 2 50 
20 46/47 46] 5c|51]52152154) 72 1811$]1$}18$ 55 
32 45.46 43:49 50051052 33 74 Idſit tote bo 
34 {44 45 47448049] J 76 14 44144ʃ14/74 65 
1 46 An ö 5 | | 
3 43.44 46/47)4*f14*[45 50 78 r2|12]12]r2 70 
38 42 42 454604647148 40 8 | of. 1o[10|1c|1o[ to 7 
40 4041 444448460 748/ 82 | 7] 8. 8| 80 8 80 
| 42 39 4© 4214314414514 51461] 84 | 6 6] 6] £] 6 85 
4 3839 42143]44]45j] 86 | 4 4| 4] 4] 4] 4 go 
| 40 36037 4104242431 88 | 2 2| 2] 2| 2| 2 
| 48 35 36 30140 47042 go a © ol c| &| © 
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SECTION VII. 
Of Gomparing and Corredting Time. 
57- PROBLEM I. 


Given the eſtimated account of the ſhip's longitude from London; to 


find the correſponding times at the 


9 i 


ſhip and at London. 


Let the given time be always reckoned from the preceding noon; and 


turn the degrees in the difference of longitude into time. 


(V. 133) 


I. Then eaſt diff. long. in time ſubſtracted from the ſhip's time gives 
Lond. time, P. M. from the noon uſed. 

And eaſt, diff. longitude in time added to London time gives the 
ſhip's time, P. M. from the noon uſed. | 

Note, If it be neceſſary to borrow 240, the London time will be on 


the day preceding the given one. 


Or, if the Sun exceed 24, the exceſs above 24* is ſhip's time on 


the following day. 


II. Weſt diff. longitude in time added to the ſhip's time, gives Lond 


time, from the noon uſed. 


Or, The exceſs above 240, is Lond. time on the following day. 
And welt. diff. long. in time ſubtracted from Lond. time gives the 
ſhip's time, from the noon uſed ; or on the preceding day, if 24". were 


borrowed. 
E x AN 


I. Nbat London time anſwers to a | 


ſhip's neon, at a place 4 hours to the 
eaſtward of London ? 


Here ſhip's time is 24* from pre- 
ceding noon. 


Then 24 g 20 P. M. Lon- 


don time, on the day before. 

Or, Ship's noon anſwers to 8 
o'clock morning at London. 

III. What London time is it, when 
it is ncon at a ſhip 5h. to the weſl of 
Landon? 


o P. M. -S² W. 2 5 P. M. at 
London. 


PLES 


IT. When it is 8 & clock in the nur. 
ing at London, what is the correſpond- 
ing time at a ſhip 4h. to the eaftwari? 


Here 8 o'clock morning, is 20 
P.M. from noon of preceding day. 

Then 20* P. M. + = 240 P.M. 
ſhip's time. 

Or, 8 o'clock in the morning at 
London anſwers to noon in the (hip, 


IV. Il ben it is 5h. P.M. at Lo 
don; what hour is it at a ſhip 50. V. 
of London ? 


' ob P.M.—5 W. O P. M. ot 
noon in the ſfip. 
V. Md 


—__ 
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V. What London time anſwers to 


2h. 38m. P.M. at a ſhip 22 deg. to 
the eaſt of London? 


22 E. makes 16 28", (V. 132) 
Then 2h 28» P. M.—1 28 E 
=I 10 P.M. at London. 


VII. hat time is it at Landis 
when a ſhip 40* IV. of London reckons 
it 35. 20m. P. M. 


40? W. 2 40 W. (V. 133) 
Then 3u 20" P. M. T 26 40 W. 
= on P. M. London. | 


IX. Whar London time anſwers 10 


5h. 26m. P. M. at a ſhip 120%E. of 
London? 


120Em. makes 8E. 

Then 20 26 P. M. „ 
26" P. M. the preceding day. 

Or 9 26" in the morn, at Lond. 


XI. What London time anſwers to 
55. 42m. P. M. in a ſhip 110%. of Ii, 


London * 


Wes WZ 20 W. (V. 133) 
Then 5) 42 P. M. 7 20 W. 
=13 2 P.M. Or 1h 2m in the 
morning at London. 


| 

XIII. 4 Hip 28? 30, of London, 

reckons 7 42" in 5 morning : what 
hour is it at London? 


28? 30, E. 24> FE. 
Then 19% 42 PM. — 1 54 E. 
217 48 P. M. 
| Or, 48 after 5 in the morning. 


XV. What London time anſwers to 
- 45m. in the n, at a ſhip 66? 
M. of Londin? | 


669W A 24m, W. 
Then 18 47 M. + 4 24 W. 
2235 q P. M. 
Or, 11 qm in the morning at 
ondon, 
Vor. II. 
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VI. ben it is 1h, 10m. P. M at 
London; what time is itat a ſhip 22. 
77 Lib? 


220 E. makes 1 28", \(V. 133) 
Then 1 10® P.M. + iÞ 28K. = = 
2% 38" P. M. at the ſhip, 


VIII. When it is 7h. P. M. at Lon- 
don; what hip time is it 4091. of 
London? 


40 W. —2b W. (u. 13z) 
Then 75 P M.—2* 40 W. 2 
20”, P. M. ſhip. 


X. Ven it ir 9h. 26m. morning ut 
3 what ſhip time is it at 1200 
E. London 5 


120 E. ha PE. (Vines) 
Then 21* pou P.M. ＋ 8E. 3 
26m P. M. or 55 26m on the follow- 
ing day. 


2 M hat is it at a ſhip, 110 


. of London, when it is 1h, 2m. in 
the morning at London ? 


1109 W. 7 20m W. (. 133) 
Then 19 2m P. M. — 7 200 W. 
= 5 42m P. M. ſhip. 


XIV. When it is 5h. 48m. morn- 
ing at London; what hour is it at a 


ſhip 289 30 E. of London? + 


28? 300 E. e. 
Then 1 h 48 0 P. M. 1 54m E. 
=r9f 4 P. M. ſhip. 
Or, 7 42® in the morning, 


XVI. Ihen it wants 5 1m. of noon 
at London; what hour at a ſhip 669 
IF. of Londen? 


669W.= 4 24m W. 2 
Then 23 „o. M. —4* 24m M.. 
8b 45 P. M. 

Or, lime in the ſhip is 6h 45m 


morning, 


XVII. hen 


r 


e Ie pe oe oor ne 
: - - q 


— x — —— gI—— — — — —— — 


q—N—— — 
48 2 — 
4 — — ” 


— - — YT 
wet, IYER 


ay, — 
— — 


3 nr 


e e / ee» 
F 
6 . 
«Fo So My 


: 
* 
1 
= 
Zh 
"> 
g 
=; 
F 
14 
H 
# 
To» 
ys 


== = Go] 
| „ „ = i 


— care 


— 


——— — 


256 DAYS WORKS. 


XVII Ibex it 5 45. 26m. morn- 
ing, at a ſhip 98 45 6. of London : 


what hour is it there 


98 45 E. =6) 35m E. 
Then 16* 26m P. M. — 6b 350 E. 
q 51m P. M. at London. 


XIX. Mat London time anſwers 
to 10h. 40m. morning, at a ſhip 160 


160? W,=1ohb 4om W. 
Then 22 40m P.M +10 4om 
W.=33* 20m P.M. or q 20m P.M. 
zt London, on the following day. 


Book IX. 


XVIIL. What hour is it at a ſhip 
98? 45'E. of Landon, when it is 9b. 


151m. P.M, at London? 


980 45 E. Gh 35m E. 
Then gh 51m P. M. 565 35m E. 
= 16h 206m P. M. | 
Or, 4h 26m morning in the ſhip, 


XX. When it is gb. 20m. P. N. 
at London ; what hour at a ſhip 1609 
I. of London? 


160 W. ich 40m W. 
Then 33h 20m P. M.— Ich 400 
W. = 22h 40m ſhip; or, 10h 40m 


morning at the ſhip, on the preced- 


ing day. 


Theſe twenty examples have been introduced becauſe experience bath 
ſhewn that a variety is neceſſary to moſt beginners. 


58. PROBLEM AF 
To find the apparent time at ſea, and thereby to regulate, or compare, tht 


going of a watch. 


I. By Equal Altitudes. 


(V. 215, 297) 


The ſhip lying by, let the Sun's altitude be taken at any time in the 
forenoon, 3, 4, or 5 hours diſtant from noon, ſet down that time and 


altitude. 


In the afternoon, wait until the Sun has the ſame altitude 


exactly (the index of the quadrant being already ſet to the morning 
altitude), and note down that time; then the half ſum of thele two 
times is the apparent time ſhewn by the clock or watch, when the 


Sun was on the meridian of that place. | 

If it were wanted to reduce the apparent time to mean time, 

Seck in the Nautical Almanack * for the given day, and take out the 
equation of time ; which applied, as its title directs, to the apparent 


time, gives the mean time. 
mean time, 


Aſtronomical tables are uſually fitted to 


As it is poſſible that an altitude taken in the morning cannot have 2 


correſponding one in the evening by the interpoſition of clouds ; it 
1s beſt to take ſeveral in the forenoon, in order to have a greater pro- 
bability of ſecuring a correſponding altitude in the afternoon ; and if 
ſeveral obſervations of equal altitudes can be made on both ſides of the 
meridian, it will be beſt to find the noon to each pair, and take 2 
mean of all the noons thus found for the true one. | 
*The Nautical Almanack is publiſhed annually, under the direction of 
the Commiſſioners of Longitude, which Almanack every ſkilful maruner 
ſhould have with him at Sea. if 


— 
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If equal altitudes are taken within fix weeks or two months of an 
equinox, it will be proper to make an allowance for the change in the 
Sun's declination between the forenoon and afternoon obſervations, as is 
ſhewn in Book V. articles 217, 297. | | 

If there is reaſon to ſuſpect, that the watch gains or loſes conſiderably 
in a day, other ſets of obſervations ſhould be taken on ſucceſſive days, by 
which the daily variation of the watch may be found, and allowed for. 


Ex AM. I. May 20th, 1772, at 
dh 40m forengon, and at 
afternoon, by my watch, the 


h 16m 
Sun had fortroon, and at 


ual altitudes: required the going of 
the watch? | did the watch go? 
Add together 12h o® Add together 
+ 8 40 
| 110 
Take the half ſum 23 86 Take half the ſum 
Rem. the appar. noon = 11 58 Gives the middle time 
The watch noon = 1 0 Corr. on mid. time 
Watch too faſt 2 in. | Gives the appar. noon 
—— The watch noon 
| | Watch too flow 
May 2oth ap. noon 11 58 
Equal time ſubir. 1 March 18th ap. noon 
| — Equa. time add 
Mean noon, by watch. 11 54 


Mean noon, by watch 


II. By an obſervation of the Sun's altitude. 


TP 
»þ 


| Exam. II. March 18, 1772, Be- 
ing in latitude 40% N. at 8b 10m 580 
Zu 5 m 349 after- 
nom, the Sun had equal altitudes: haw 


12h om 9g? 
8 10 58 
3 58 34 


ift. At a convenient time take the altitude of the Snn's upper or lower 
limb, which correct for the ſemidiameter, dip, and refraction; by which 
the correct zen. diſt. of the Sun's center will be known. 

2d. At the time of the obſervation find the ſhip's lat, and long. by 
account; (VIH. 60) and correct the Sun's decl. ſor the day, by rhe diff. 
of long. and time from noon; and thereby get the true polar diſtance. 

zd. With the co-latit. polar diſt. and zen. diſt, find the hour angle: 


(V. 152) 


Which turned into time, ſhews the app. time when the obſer. was made. 


HI. By an obſervation of a Star's altitude. 


It. Correct the obſeryed . altitude by the dip and refraction. (55.) 
2d. Find the ſhip's latitude and longitude by account. 
zd. Seek the ſtars decl. or polar diſt. and its right aſcenſion. (V. 312.) 


03 


(VIII. 60.) 


Ach. With the co-lat. polar diſt. and zen. diſt. find the hour angle. 


(V. 155) 
5th. Apply 
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sch. Apply the hour angle (in time) to the ſtar's right aſcenſion, and | 


it gives the right aſcenſion of the mid-heaven. (V. 133.) 
th. Find the Sun's right aſcenſion to the place and time. (V. 288.) 
7th. The difference between the Sun's right aſcenſion and that of the 

mid-heaven is the apparent time of the obſervation. Regulate the watch 

by the apparent time thus found. | 


The logarithmic work for the Sun in art. 2d, or for the ſtar in art. 
3d, may be performed by either of the following rules. 


Ru LE I. Let the diff. between the co-lat. and polar diſt. be called p. 
Find the half ſum, and half diff. of the zen. dift. and p. 
Then, To the ar. co. of the log. ſines of the co-lat. and polar diſt, 
Add the log. fines of the ſaid half ſum and half if, 
And Half ve of theſe four logs. is the log. fine of J the hour 
| angle. 
: RuLE II. Add together the co-alt. co lat. and polar diſt. call the half 
um A. 
Let the diff. between the half ſum A and co: alt. be called p. 
Then, To ar. co. of the log. fines of the co lat. and polar diſt, 
Add the log. fines of A and p. 
And Half the ſum of theſe 4 logs. is the log. co-ſine of I the 
hour angle. 


EXAMPLES. | 
I. January 26, 1780, at 2Þ 56m II. May 24th, 1780, being in lat. 
56* P. MH. by my watch, the true alt. 43*16'N.long. 23”30 E. at y 165n 
of the ſun's center was 9440, the ſhip's| forenoon, the true alt of the Sun's cen- 


lat. 519 42/N. long. 33* W. Requir- 


ed the error of the watch? 
Time by watch 2h 56' 56" 
33% W. (V. 133.) 2 12 OD 


Eſtim. time at Greenw. (57) 4 8 56 

Sun's dec. Jan. 26th noon 18943 24” 
Decr.ofdecl.ingdg/(V.281) 3 16 

Sun's decl. at ſhip 18 40 88. 
Add 9 co oo 

Polar diſtance 108 40 8 

Co- lat. 380 187 ar. co. log ne o, 20775 
Po diſt 108 40 ar. co. log ine o, oz 347 
D. = 70 22 

Co. a't.85 16 


2)1:0 28 (7519 log.fineg,g85 58 


2)9 54 (4 57 log fine8,93594 

75 2) 19,1527; 

22 9 log. ſine 9, 57038 
2 


44 18 = 2h57' 12“ app. time. 
2 56 56 watch time, 
o © 16 watch flow. 


ter was found to be 29 4: how was 
the watch? 
Timeattheſhip(May23)19h16'30/ 
Longz 330 E (V.133.)=1 34 00. 
Eſtim. time at Greenw. 17 42 30 
Sun's dec. May 23d. noon 20545722 N. 
Incr. of decl. in 18b 42' + 8 10 


Sun's decl. at ſhip 20543 32 N. 
Sun's polar diſtance 69 © 28 
Co. alt.60%56/ 


Co. lat. 46 44 ar. co. log. fine o, 13777 
Po. diſt. 69 6 ar, co. log. fine 0,029;6 
Sum 176 46 
Z Sum 88 23 
Co. alt. 60 56 
Diff. 27 27 


log. fine 9,99983 


log. fine 9, 66368 

2)19,83084 

34 26 log. co. fine 9,91542 

69 13 =4h36'52 before noon, 
19 23 8 app. time. 

19 16 zotimebywatch, 


6 38watch too flow. 


May 
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May 12th, 1780, at ſea in latitude 299 11'N. long. 95* 5 IF. the true 
altitude of the ſtar Antares was found to be 145 at 9h 1' 5” by a watch; 
what was the error of that watch? | 


| Rr, aſcen. Antares 16h 15/ 57“ 
Long 95 ö W. = (V. 133.) 6h 20” 20/7, Rt. aſcen, Sun at noon 3 19 29 


Antares fouth nearly 12 56 28 | 12 56 28 
Sum (long. being W.) 19 16 48 gives iner. rt. aſc. ſubt. 3 10 


\ Antares on the meridian at 12 53 18 
Antares Zen, diſt, 75 77 
Polar diſt. 115 $6 Ar. co. log. fine 0,04609 
Co. latit. 60 49 Ar. co. log, ine 0,05895 


* 
Sum 251 52 
pts Ms cov. gy 
Difference 30 49 | log. fine 9,88937 
2)19,90273 
26 37 : log. co. fine 8 


53 14 = (V. 133.) zh 32“ 56” ſtar ſhort of meridian, 
12 $53 18 ſtar on the meridian, 
94. 9 20 22 app. time. 
9 1 5 time by watch. 


19 17 watch too flow, 
SECTION IX. 
59. To find the Latitude at Sea. 


Find the meridian altitude or zenith diſtance of the Sun or Star by 
article 37, or 44, or 45, or 48, 49. „ 2 5 

Apply the corrections for the dip of the horizon, the refraction in arts. 
52, 53, 55. and ſemĩ · diameter, if the object be the ſun. x 

Seek the Sun's or Star's declination in the tables at art. 309, 312, 
Book V; or in the Nautical Almanack, obſerving to correct the Sun's 
decl. for er more than 8 or 100 to the E. or W. of London, as at 
art. 311, Book V. | | 1 | 

In latitudes near the poles, when the Sun's declination exceeds the co- 


| latitude, the Sun does not then ſet; and therefore two altitudes may be 


taken on the meridian; the leaſt of which is called the altitude below the 
pole. The ſame may be underſtood of any other celeſtial object, which 
does not ſet, ED 
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Let the declination and the altitude, or zenith diſtance, be always 
named either north or ſonch, according to the ſcaſon of the year, and the 
the ſituation of the ovieft ; and when it ſo happens, that either of them is 


nothing it may then be named either north or ſouth at pleaſure, 


Thek remarks being premiſed, all the varities of working a meridian 
obſervation for the latitude are contained in the ſolution of the follow ing 
problem. 213 Figs 

PROBLEM I. 

The declination of the Sun or a Star, and alſo its cerrect meridian altitude, 

er zenith diſtance, being known ; to find the latitude of the place of obſervation, 
WHEY THE OBJECT RISES AND SETS. | 


56% Dise . 7 the Zen, diſt. and decl. have the ſame name, 


RuLE. Their difference ſhews the latitude required. | 


. 


Like the declination, hen it is greater than the zenith diſtance : but 
unlike, when it is leſs. | 


61. Cast II. If the zen. diſt. and decl. have contrary names, 
| RULE. Their ſum ſhews the latitude required, 


And is always like the declination. 
When altitudes are given, take them from go? for zenith diſtances. 


62. WHEN THE OBJECT DOES NOT SET. 


If the greateſi meridian altitude or zenith diſtance, can be taken, the preced- 
ing ts wh ſerve : bit when the leaſt, or that below the pole, can only be 
taten : then 6 | ER | 


Role. To the meridian altitude below the pole, add the co-declina- 
tion, the ſum ſhews the latitude, of the ſame name with the declination. 


| The demonſtrations of theſe. rules will be ſhewn in the Appendix. 


Exam. I. The Sus meridional} Exam. II. When the Sun entered 


zenith diflante tos obſerved to be 480 [the 5 Libra, his meridian allitude 


200 frutherly, when he entered the ſien ſ ibas obſerved to be $3" 327 in the north: 


Aries : required the lat. of the place? 


what is the latituds of that place? 
The zenith diſtance 439 20%. 


The co-alt or zen, dif. 3628 / N. 
Declination | 00 608. 


 Declination oo oo 8. 
— —— 


L. ſought 48 20 N. (600 


Ex Au. 


Lat. ſovght 36 28 S. (61) 


Bree 


0e». 


obſerved in the zenith, when his decli- 
latitude of that place? . 


bk IX. DAYS 
Ex AM. III. At ſea the Sun was 


nation was 229 100 N.: what is the 


The zenith diſtance 009 oo'N. 
Declination 22 10N. 


22 10N.(60) 


Lat. ſought 


Exam. V. The Sun was obſerved 
to be 47 25” diſtant from the zenith 
in the ſouth, when his declination was 
149 18/8. : what is the lat. of the 
place of obſervation 8 

The zenith diſtance 47® 25'S; 

Declination 14 18 8. 


Lat. ſought 


33 07 N. (60) 


——— 


Ex AM. VII. When the Sun's de- 


clination wwas 230 09'S. his meridian 
zenith diſtance was obſerved to be 80 
25'S. : required the latitude of the 


place. | 

| The zenith diſtance 80 25'S, 

Declination 23 098. 
Lat. fought 14 448. (60) 


Ex AM. IX. The Sun's meridian 
#tnith diſtance was obſerved to be 329 
57'8. when his declination was 109 
38 N. wwhat is the latitude of the 
place? | 

The zenith diſtance 320 578. 

Declination 10 38 N. 


Lat. ſought 43 36 N. (s) 
e 


Exam. XI. Obſerved the meridian 
altitade of th Star Arfturus to be 61 
14'S. : required the latitude. 
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Ex AM. IV. The Sun's merid. ze- 
mth diſtance was obſerved 219 o8'S., 
when his decl. was the ſame: required 
the latitude of the place of obſervation. 


The zenith diſtance 219 0878. 
Declination 21 088. 


Lat. ſought. 02 oo S. (60) 


Ex AM. VI. The Sun's meridian 
altitude was obſerved to be 54 27“ 
north, when his declination was 190 57 
north : required the latitude of 9 
place. 


The co-alt. or zen. dif. 3 * 33 N. 


Declination 19 57 N. 
Lat, ſought 15 36 8. (60) 


Exam. VIII. The Sun having 235 
11'N. declination, his meridian alti- 
tude was found to be 79 2 N.; 
what is the latitude of the place of ob- 
ſervation? g | 
The co-alt. or zen. dif. 10937'N. 
Declination 23 11 N. 


Lat. fought 12 34 N.(6o) 
Exam. X. Suppoſe the meridian 
altitude of the Sun was obſerved to be 
48014 N., when his decl. was 179 
38'S. : required the latitude of the 
place. : ; N 
The co- alt. or zen. dif. 41946'N. 
Declination 17 38 S. 


Lat, ſought. 59 24 5.(61) 


Exan. XII. The ant of the 


Star Syrius, when on the mer dian was 


24 32'S. © required the latitude. 


Mer. zen. diſt, 7228 
1 


Mer. zen. diſt. 280 468. 1 
Arct. declin. 20 26N. (V. 312) 
Lat, ſought 49 12N, 

— yy 


X 


Syrius's declin. 25 8. (V. 312) 
Lat. required 49 o; N. 


4 5 — 
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63. Examples, wherein the foregoing Corrections are intro. 
duced. \ + 33s 11; 5 


I. By à fore obſervation, the alti 
tude of the Sun's lower edge was found, 
by a Hadley's quadrant, to be 402008. 
when the declination was 99 56N., 
the eye being 20 feet above the borizon: 
required the latitude of that place. 


Apparent alt. O lower edge 409 20'S, 
Semidiameter. Add © 16 


Apparent altitude Ocenter 40 36 
Dip. of the horiz. Subtradt o 4 


App. alt, cor. by the dip. 40 32 


II. By à back obſervation, with 
Hadley's quadrant, the apparent alti- 
tude of the Sun's lotuer edge was 259 
1275. when the declination was 21 
14'S., and the eye 30 feet above the 
hortzan: in, what latitude was that 
obſervation made £ . 


. alt. © lower ed ge 2 50 12'S, 
Semidiameter, Subtrak © 16 


| Apparent altitude © center 24 86 


Dip. of the horizon. Add o 5 


App.-. alt, cor, by the dip 25 or 


Re fraction. Subtract 1 Re fraction. Subtract — 

True altitude © center 40 35 True altitude © center | 8 389 
True zenith diſtance 49 1 True zenith * 65 18. 
Decli nation 9 56 N. Declination TY 21 148. 
8 ey (61) 59 25N. en (60) 43 1 N. 


III. Suppoſe an obſerver, whoſe eye 


is 35 feet above the water, ſhould find 


the meridian altitude of Sirius to be 


539 35'S. by the fore obſervation with 


a Hadlley's quadrant : required the la- 
titude of the place of obſervation. 


Nip. of the horiz. Subt. 5 40 


Appar. alt, above hor, 53 29 40 i 
ae 27 
— 


True altitude of Sirius 53 29 00 


True zenith diſlance 31 00'S, 
Sirius's cecl. (V. 312) 16 25 088. 
Latitude (60) 20 5 52N, 


— —.— 


IV. In a fhip where the eye of the 
obſerver is 25 feet above the horizon, 
ſuppoſe the meridianaltitude of Arcturus 
ſhould be found 61921'S, by a back ob- 
ſervation with Hadley's quadrant : 


what latitude was that ſhip in? 
Apparent alt. of Sirius 53357 008. 


Appar. alt. of Ardurus 61217 0%. 


28 39.0 
4 46 


Zen.diſt.clearof the dip. 28 43 46 


Appatent zenith diſt. 
Dip. of the horiz. Add 


RefraQtion.. Add © 030 

True zenith diſtance ' 28 44 168. 
| ArQurus's decl. (V. 312) 20 2915 N. 
Latitude (61) 49 12 31N, 


” 


v. My | 


6 ww I \S 


Book IX. DAYS WORKS. 263 


V. May26, 1780, in /ongitude oe VI. June 12th, 1780, in a high 
„E. 2 London, and the eye 18 feet northern latitude, 8 30. of London, 
on the meridian altitude of the Sun's| and the eye 20 feet high, the meridian 
Inver limb was 260 12'N. by a fore altitude of the Sun's lower limb below 
obſervation : required the ſhip's lati-| the pole, was 89 15'N by a P ob= 
U 9: 23 {ſervation : 3 the latitude, 
Ship's time 24b o/ P. M. May 25. Ship's time 12m obP.M. + 
Lon. 6 30 E. 4 30 E. Long 83 W. 5 40 W. 


y 4% #8 oF 128 j — — 
Lond. time 19 30P. M 6h30 x 3. Lond, time 17 40P.M.=4b2z5/ x 
Mayz5, Odecl. 2 10 19, N. diff. 100185 | ny 
Incr. of decl. 8 12 (V. 285) June 12, Odecl. 23 13 12 N. diff. 3 16. 
| x | 2 28 | 


* 


* 


5 — I lacr. of decl. 
At the ſhip 21 14 31 N. deel. 1 LRN 
App. alt. © lower limb 26912 At the ſhip 23 15 45N, declin. 
Semi-diameter + 16 App. alt. O lower limb 8 15 N. 
— Jsemidiameter 16 
App alt. O center 26 38 | l — 
Dip. on 18 feet — 4 App. alt. O center 8 31 
—— | Dip. on 20 feet 4 
8 20806 34 O0 ; —ů— 
Refraction — 1 2 | 8 27 
M efraction — 6 18 
True alt. O center 26 32 og — 


—— | True alt. © center 8 20 42 N. 


Zenith ad. 63 27 55 N.] © co-declination 66 N 
Declination 5-81.44; JiNelo caik.9; - 4 44 3 
—— + atitede-: 75 4 57 N. 


Latitude 42 13 248. EO 
This method of finding the latitude from the meridian altitude of a 
celeſtial object is the moſt eaſy, when it can be put in practice: but as 
that is not always the caſe at ſea, the problems in Section VI. Book V. 
were introduced to ſupply the defect; from whence it has been Judged 
proper to deduce ſome of the following moſt practical methods. 
p x #- BREE 0 
PREPARATION. 


Take one, two, or more altitudes of the Sun in the forenoon, noting 
the time of each by a watch; if the meridian altitude cannot be obtained, 
take one, two, or more, altitudes in the the afternoon, noting alſo the 
times by the watch. 05 ot | | 8 JF 

Let the morning altitudes, if there are three, be taken at equal in- 
tervals of time if poffible; if not, let the afternoon obſervations be taken 
at the ſame altitudes with the morning ones. | * 


64. | PROBLEM I. 


- Gay three zenith diſtances between the limits of 30 and 70® are taken within 
an hour of noon, at equal intervals of time between 15 and 30 minntes. 


* 


Case I. If the firſt and third zenith diſtances are equal: 


RuLE, The middle one is the meridian zenith diſtance, 
L . : ExAM- 
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ExAMPLE.. Onia day when the Sui's declination was 180 34% Me m . E. 
time near noom his zenith diſtance was found to be 329 29'S.z and 22 minute 8p 

after, the zenith diſtance was 32% 117: and 22 minutes afterwards the zenith * 
diflance coas 320 29“ required the latitude of vhat place. M 


Here are equal zenith diſtances, at equal intervals of time from the Requi 
middle obſervation; which therefore is a meridian obſervation. Here 
Then 329 11'S, +18%:34'N.=50* 45 N. the latitude. (61) 


(65)-Case H. If the two firſt, or two laft, zenith diftances are equai, Then 
that on the meridian falls between thoſe equal ones. | 


bet Ex 
Roerk. From one of che equal zenith diſtances, take one eighth part of 700 
the difference between it and the greater zenith diſtance; and the re- 4710 
mainder is that on the meridian. 473 5 

ExAMPLE. Within an hour of noon, and at intervals of 22 minute by a Here 
watch, the following zenith diflances were obſerved, viz. I. 329 50% \nd 


24. 329 154 34. 32 154“ © required the meridian zenith diftance. 


| ſt. 9 ,0 . l 3 7 7 | . : And 
* 1 diff. 35,17; its; 4,87; then 32" 1545 —4, 8 23290 Ther 

The meridian zenith diſtance is 320 11'. , 
(66) Case III. When the three zenith diſtances are all unequal: 15 
It the two firſt are aſcending, or two laſt deſeending, then noon falls WW" 7" 
in that interval whoſe two zenith diſtances are neareſt to equality, 11 
8 CE 4k £4 30 EOS 5 
RuLe. Let the difference between the greateſt and middle be called a. 12 

. ite difference between the firſt and laſt be called 3. 

the difference between B and ſour times A be called c. u, 0 
the difference between B; and c be called p. L 41 


Then c multiplĩed by itſelf, and the product divided by four times p. 
the quotient is a number of minutes, which ſubtract from the greateſt 
zenith diſtance leaves the meridian zenith diſtance. 


- Exam. I. Ii north latitude, the Sun was thrice obſerved near noon, when 
the zenith diflance and times by a watch were as follow, | 

Tf. Met 11h. 27m. the zenith di ance 329 51', 

_.2d. 116. 51m: the zenith difftance 32 14, 


| 34. 125. 1 For. the zenith diflante = 100% 
Required the meridian zenith diflance. N 


Zenith diſtance, iſt. 31•511 


2d. 32 14 . 37 44—B=148—32=116=c. 
| 34. 32 19 a C—B=116—32= 84=D. 
And 117 — =40, the correction. 


Then 3251 40 32 1/, is the meridian zenith diſtance. 6 
7 : XAM. 
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Exam. II. In north latitude, three obſervations were made of the Sun 
war noon, at equal intervals of time, vix. 
iſt. At 11h. 2m. the zenith diſtance was 34 11”, 
11h, 20m. $4 % 
115. 38m. c 22 29. 
Required the meridian zenith diſtance. 


Here a=62; B=102; C=146; D=44- 
) And l 121 20 17, the correction. + 
4 ; 
i, Then 34 11'—2® 1'=32? 10/, is the meridian zenith diſtance. 


Ex AM. III. In the torrid zone, the Sun having 19® 48“ S. decl, three 


ot bſervations were taken at equal intervals of time, near noon, viz. 
4 10h. 56m. the zen, diſt. was 36 41 &. 
e· 5 3 ; 
11 22 34 26 f Required the latitude. 
11 48 33 16 
2 Here A2 15135“; B= 25 e C=335; D=130z3 
4 And c= 112225; 4D=520, Then ——5=216=39 36' 


And 36% 41' — 3? 36/= 33? 05”, the meridian zenith diſtance. 
Then 33% 05” —1929-48*=139 17“ N. the latitude ſought. (60) 


Exam. IV. In a low north latitude, the San having 14 24 S. declina- 
in; when the watch ſhewed 11 b. 42m., 12h. 20m, and 12h. 58 m., the 
iun's zenith "diflances were 4.3% 19“, 435 23, and 459 107, reſpectiveh, 

Il Required the latitude, | | | 

IIb. 42m. zen. diſt. 430 107 g ie. 


| 12 20 01.4: 63 23 A=1 56 2116. 44 464. 
A. 12 58 | 45 193 J c= 344. 
B. b= 224. 4D=896, 
e. . 44 $5,07312 Greateſt zenith diſtance 456197 
D, 1, 4D ſubtr. 96 2,95231 | Fake the correction A; 1 
” L, correction 132 2412081, Meridian zenith diſtance 43 7 
eſt ' ee 8 
— Declination 14 24 8. 
M - [Latitude (60) 28 43N. 
by, | PROBLEM III. 
IWhen three zenith diflances, between the limits of 30” and 109 are takin 
wthin an hour and half of noon, at unequal intervals of time. 
RuLE 1ſt. Let the difference in minutes between the greateſt and 
middle zenith diſtances be called A; and the interval of time called a: 
tic difference between the firft and laft zenith diſtances be called 83: 
7 ad the correſponding interval of time called 5. 
=; ad. Let the difference between the products of A by b and 8; by a be 


uken. 


from the logarithm of this difference take the logarithm of 5, there 
mains a logarithm, which call x. FE? 


M. 
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| zd. Add together the logarithm of v. | 
twice the log. of the diff. between a and 40. 
Ar. co. log. of the diff. between a and . 
: Ar. co. logarithm of 4. 
Their ſum gives a logarithm, which call m. 
4th. Seek the numbers to d, M, $8; their ſum gives k. 
From four times E take B, remains c; and n taken from c, leaves p. 
And the logarithm of four times p taken from twice the logarithm of 
c, gives the logarithm of the correction in minutes. | 
5th. Then the ' greateſt zenith diſtance leſſened by the correction, 
gives the meridian zenith diſtance. | 
„ ExAM. I. Three obſervations being made of the Sun, at a place in nat 
latitude, via. at 10h. 40m. the zenith diſtance was 359 53, 
ES ERS, ag was 33 442» 
5 amanet grip Ay 0 was 32 14, 
How much was the Sun's meridian zenith diſtance? 
7 g zen., diſt. 359 53 4 I 
11 J f 133 44.5 e 4 b 655 
1 | 
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1. e B 219 a O b=1, 


728,57 12 (aXb=)9125,53219 * 29=(Bx a=)6351;thediff.=2772; 


? 


Logarithm diff.=27792,5 344287 ZB = 109.5. 

Logarithm . = 5 1588126 x = 39558 

Logaritm n= 39,5 4,59104} M = 1. 

Twice log. 4 26 17 1.62983 E = 150, 3 and 42 =601,2 

Ar. co. log. an b=" 42 B$,37675| B 219 | 

Ar. co. log. a = 29 8.53700 C = 382,2 EE 

Logarithm u 1,3 0. 103.2 and 4D =652,8 Bo 

Tice Tod: *ic="155;2 J 209% ene diflance 35 55 

Logarithm 4D= 652,8 37 Correction: 843; 3.535 

Log. eur fd * = 223 55 Merid. zenith diſtance 32 10 
ar 


| Ex a M. II. To the northw of the tropic of Cancer, when the Sur 
declination was 14 24 S.; at the times 11h. 42m, 12h. 26m. 1). 
38m, ſhewn by a watch, the Sun's zenith diſtances were 43" 10“, 43" 3 


45 197, reſpectively - required the latitude. 


11h. 42m. iſt. zen. diſt. 43 12'} 
LES. > 4=76m 2d... 43 33 B=120ſam b 6 
12.8. 1232 3d. 45 19 j Fa=106 th Id =44 
AR EIO x 76=8c56; BXa=120X 32=3840 z diff. of prod. 4216 
ey + 20 1, 43830 3.62400 % . bo . 
1,5 6 e ene 55˙5 
IL,. N 2 31 55, 555 1574409 M = | I 4 
21, 2% sss ᷑ ”ĩ 56 1,5630 8 11,9, and 4E = 467, 6 
15 D 44 8.35555 B = 120, 
v. 32 8.49455 © = 347,6 
r B08 4D SgI0g 
347,6 568276 Greateſt zenith diſtance 45 19 
% 210592 n SD 
"correftion © „ end. zenith diſtance 43 . 
Latitude 28 42\ 


IX. 


from noon : See Book V. article 202. 
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bs. PROBLEM. IV. 3 By 

IV hen three altitudes are taken at equal intervals of time, at any diſtance 

RULE 1ſt. Seek the natural fines of the three given altitudes. (V. 185) 

Call the difference between the firſt and third altitudes, b; between 
the ſecond and third, F. PE! : (9: 

Put E for the ſum of Þ and twice p, when the degrees in the third 
altitude fall between thoſe of the firſt and ſecond 3 otherwiſe put E for 
the difference between D and twice F. 

2d. Add together the log. co-tan. of halfone interval of time (in deg.) 

the log. of E, and the ar. co log. of D(each in numbers) 
Their ſum is the logarithmictangent of an angle a; or of its ſupplement, if 
the firſt altitude exceeds the third: convert the angle a into time. (V. 133 

To A add one interval; then the difference between this ſum and fix 
hours will ſhew the time from noon, when the laſt obſervation was made. 

Hence, by the intervals, the other times are known relative to the 
noon of the place of obſervation. | 

zd. Add together the ar. co. log. co- ſine of A. 

the ar. co. log. ſine of one interval obſerved, 
and the log. of p, their ſum is the log. of a number 8, 
4th. To the Jogarithm of B add twice the logarithmic fine of half the 
leaſt time from noon ; ſeek the number, 2nd add it to the natural fine of 
the greateſt altitude, the ſum is the natural fine of the meridian altitude. 
5th. The number B leſſened by the natural ſine of the meridian altitude 
gives the natural fine of the midnight depreſſion. | 

Then the half ſum, and the half difference, being taken, of the degrees 
and minutes anſwering to the {ines of-the meridian altitude and midnight 
depreſſion, give the co-latitude and declination. (V. 185 

If the zenith falls between the equator and the Sun, the half ſum is 
the co-declination, and the half difference is the latitude. | 

Exam. I. Between the trepics, the Sun's altitude was obſerved ſome time in 


the forenoon, tobe 739 22; after waiting 26 minutes, its altitude was 780 507%, 


and 26 minutes after, its altitude was 825 5 5': required the latitude of that place. 
57 bg 22, nat. line 595816) (See Book V. note to art. 1 85.) 


| 203421 = and, 01161 = Ep 
78 50 98107 
„01130 f alſo 26m. = 69 30% 
92 55 99237 ; 
) 502260 Sar | its half = 3 336 
L, 30 157 1 11, 24577 1,4 80 307 0,7 82 39 
1. E O, 01161 8.06483 L's, 3060 o, 94614 
L,D= , 03421 1, 40584 1, p o, o3421 8.53416 
% TL TT 10, 26269 
L.t,a= 80 307 10,776 : 5. 
F 3 ds duds 1% af (=) 6,83584 


Or a = 5 hours 22 minutes. 


Now 5 h. 22m. + 26m.=5 h. 48 m. 5 7.0853 
Then 6h. — 5 b. 48 m. h. 12 m. 1 


80 the greater alt. was at 11 h. 48 m. Mer. alt. 0,99302 = nat. fine 839 327. 
the middle at 11 22 |Mid.dep.0,8374 = nat fine 56 £29 
the leaſt at 10 56 half ſum = 70% 12/ the co-declinar, 

| half diff. = 13 20 the latitude, 
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Ex AM. II. In the north temperate zone, the Sun having ſouth declinatin, 
his altitude was obſerved to be 8 37}; and 66 minutes afterwards, his al. 
titude was 13 514 and 66 minutes after that, his altitude was 160 340 
reguired ibe latitude. 


At ſome time, alt. 89371 nat. ſine 4997 


% =D. 
66m. 13 314 523955 <a 
204559 = F. 


66m. 16 34 328514 


66 m. = 16® 30. And b b. — 1 h. 6m = 4 h. 54 m. 


L?, 80150 10,83865| 1,9,4 65% f , 39040 
1.2 = o. o4398 8.64325 1, 16 30 0, 54666 
15 = 0, 135817 o. 86913 1, 5 o, 13517 9.1308) 
. —_— 1,1693 10,0679; 
Lt,a= 659 59 10, 35103 2115 8 3482 "lan 
Or a= 4h. 23m. 56. 3 & eg Yrs 770105 
3 . 28614 
n 5, merid. alt. 5,295 T6 = 160 f 
nd 2 . 3 2 25 Fs dep —— 79% "S 5 
at laſt alt. , #270 whe 
10 pe 56 mid. alt. {the 4+ ſum = 39212 the co-latitude 
9 17 56 leaſt alt. | the T diff, = 22 201 the declination, 


Exam. III. In a high north latitude, and the Sun to the eaftward of tie 
meridian, his altitude was obſerved io be 41* 57 ; and 2h. 16m. after, his 
altitude was 50 234“; and 2h. 16m. after that, his altitude was again al- 
ſerved to be 44? 54 © required the latitude. a 


In forenoon, alt. 41 52' ſine „66762 
Iſt interval zh. 16m. 34% © 5co' 23F 477042} D = „03825 
2d interval 2h. 1m. 44 54 270587 | F = 206455 
3 W 2 3 a 2F = 12910 
Here as the 3d altit. falls between iſt and 2d; D+2F=E=,16735 
Now 1, , 170 of 10, 51466 | 15, 86 of 1, 19642 
L. E , 16735 9,22362| Ls, 34 0 6,25244 
1% 0,03825 1,41737| L,D 0z03825 8.58203 
i 98060 970 
f L. f. 4A 869 of 11,15 565 wor ” his 9 99149 
And 869=5h. 44m. 214, 15 (= r 8,82599 
h. 44m. T zh. 16m. =$h. om. 0 —uö 
en. o, o6569 2 
1ſt altirude at 9b. 28m. 20882, fine 3d altitu ys 
2d altitude at 11 44 50? 300 ,77156, ſine merid. altitude. 
3d altitude at * | »98060, number B. 
| 12 4 420904, ſine of mid. depreſ. 


Hence the latitude is 589 43' N.; and declination 199 13' N. 


Ex AM. 


2F=,09118 & E=,043098, 


IN 


tin, 
5 al. 


34 ; 


M. 
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Ex AM. IV. In à low nortbern latituge, and the Sun baving ſouth decli- 
nation, his altitude was obſerved in the forenomn, to be 6x® 473 and 2h. 
zom. after, his altitude was 640 294, and 2h. 3om. after, his altitude uus 
36 520 © required the latitudes | | Fl | 


Forenoon Alt. 64” 47 ine 881171 * 
iſt interval 2h. 30m. 37 300 64 294 „90249 D = ,29215 
2d interval 2h. 30m. 236 55 „58902 1 F = 31347 
155 2F = „62094 
| 2 —DZE = | 
Now Lf, =182 45” 10,46922 L's; 747 30 _— 
1 =0,33479 9952477] „ 37 30 946555 
L ,D=- 0429215 9553439] LD O,29215 9,46;61 
| 2 — „68 | $2 
L,t,a 1069 30” 10, 52838 177 Yds 232 
And a = F.. as 2231499 
jh. 6m.42h. 3-m.=gh. 36m, 230 975491 
And gh. 36m. — Ch. zh. 36m. 1 — 5 
the 3d alt. at zh. 36m, P. M: 60 36“ 93728, fine merid. altitude. 
2d „ 13 V 1,6892 
iſt '10 36 A. M. 439 48' „7524, ſme mid. depreſfion. 
| Hence latitude 300 487 N. | 
Declination 10 24 N. 


bg: PROBLEM v. 


IWhen three altitudes are taken at unequal intervals of time +. 


RULE 1ſt. Let the interval between the 1ſt and 3d times be called M, 


between the 1ſt and 2d m, 
ä between the 2d and 3d n; 
and let the times M, m, n, be converted into degrees. (V. 133 
Seek the natural ſines of the three obſerved altitudes. (IV. 2 70 
And let the difference between the iſt and 3d be called p, 
between the 2d and 3d F 


2d, Add together the log. ſines of 4 m and + u, gives the log. of La. 
| 36 To the log. co-fine of 4 m add the log fine of , the | is the 
og. of & B. | | 

* Add together the ar. co. log. of D, the log. of F, and the log. 
line of Z M, the ſum is log. of 2 c. | 

Take the difference between the numbers 4 B and Fc, call it Z E. 
Or let Z A be the ſum of 5 B and f c, when the degrees in the 3d alti- 
tude falls between thoſe of the iſt and 2d altitudes. 8 

5th. From the logarithm of E take the logarithm of £ a, the re- 
mainder (10 being added to the index) is the logarithmic tangent of an 
ac G; or of its ſupplement, when the firſt altitude exceeds the ſecond. 


— — ee th 


* See Book IV. 256. 1 + See Book V. article 200. 
Take 


* 


o 

N * 
1 
al 
* 
1 


* 2 
1 5 5 
q 1, 
i 8 
n 
1 
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Take the difference between s and the complement of £ M, the xe. 
mainder is an arc H, ſhewing the time from noon when the laſt altitude 
was taken. Hence the other times are known, 

6th. Add together the ar. co. log. co-fine of 6, 

the ar. co. log. ſine of & M, 
and, the log. of p, their ſum is the log. of a num. 


Book IX. 


| 3 beg. £295 +, 
7th. To log. of 1 add twice the log. fine of 2 N, the ſum is the log. 
of k. | 


8th. The number Kk added to the natural fine of the third altitude 
gives the natural fine of the meridian altitude. | 
And the number i lefſened by the natural ſine of the meridian alt. 
tude, gives the natural fine of the midnight depreſſion. 
The half ſum and half difference of the degrees ſhewing the 
' meridian altitude and midnight depreſſion, will give the co-latitude and 
declination ; or co-declination and latitude, when the zenith falls be- 
tween the Sun and the equator. (V. 185) 


Ex Ax. I. In north latitude, the Sun having fouth declination; at 80. 
40m., 10h. oom, and 11h. 48m., by a watch, the altitudes of the Sun 
were 30® 414”, 45? 374, and 56? 44”, reſpetiively : required the latitude, 


M= zh. 8m.=47*iſt alt, 30414 nat. fine 0,51037 | 
N= 20 =20|2d 25 274 0,71474 4 D=0,32578 
1 =1 48 227 3d =56 44 0,63015 F=0,12141 
L, In 10% ff 9,23967 Here 23 — fc R. 
1, % 13 30 9,368 18 And log. 2E — log. 24 17, d. 
| Alſo 12 h,—12 m. SI h. 48 m. the 
1, 4 0,04054 8.60785 | time of the laſt altitude. 
. do the watch ſhewed true time. 
1, r 10 of 9.99335| %% 639 30/ 043504) 
15 13 30 9.368 18 L's,ku 23 30 o, 39930 
8 2 035579 9.51293 
L,zB. , 22990 9.36153 
— —  _ 1,1 1,83 110 10, 26270 
L,D 0,32578 0,48707 21, An 1 30 6,83584 
L,F O,12141 9,08425 — 
Li 239 307 9,60070| L, x o, 0125 7,09854 
F — 0,83015=fine 3d alt. 
, 10 0, 14860 9.17202 — 
— — 562? 52/ 0,83740=fine mer. alt. 
1, 21 o, o8 130 8,91009 | —— 
1 63% 30/ 10, 30224 839 347 o, 99 370 ſine mid, dep, 
: — — Hence latit. 130 21” N. 
66 3o=compl. of * uv. Declination 19 47 8. 
1 3 o=oh, 12m. à noon, 


Ex AM. II. The Sun's altitude was 160 340; and 50 minutes afier, lit 
altitude was 14167; and 82 minutes after the altitude was 89 37: v. 
quired the latitude, 


Mz 


# 
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no 50 o, 25486 7 D=0,13517 


1 
1512 


114 


Li, or 
1 


1,1 
„5 
L,P 
111 


1e 


Lie 


=12 30]12d, =14 16 

l 22  =20 201324. ="'& 274 
6* 15 9,0 3690 
10 15 9.25028 
©,01937 8,28718 
69 16 9.99741 
10 15 9,2 5028 
o, 17689 | 9,24769 
0,13517 o, 86911 
o, 1048 9,0207 3 
169 3 9.45334 
o, 22038 9,343 18 
0,04349 8,63839 
114 of 10,35121 


Li, 0 


14=40.30=2h, 42m. 2 noon. 


73 3o=compl, of 2 


ur Zh. 12m. 232 phat = 16347 nat. ſin. 0,285 0 


0, 14997 
Here 20-183 228. 
And Lr, of ſupplement of o. 

Alſo zh. 42m. is time at zd. altitude, 


r, 10489 


1 20 at 2d. altitude, 

12 30 at 3d. altitude. 
% 1149 © o,. 39069 
L. Au 10 3b o, 5 466 
L,D 0, 13517 9, 13089 
1,1 1, 17007 10,068 24 
21% b 20 Ig” 9,5845 
L, x 014017 „14669 


o, 14997 ſine of 3d, alt. 


160520 52901 4 ſine merid. alt. 
61 38 „87993 fine mid · depr 
Hence lat. 50 4; N. Decl. 22 238. 


Exam. III. Some time in May, and in a high northern latitude, three ſue- 
reſſroe altitudes of the Sun were, 41535 50® 7%, 249 543 3 the intervals 
of time being 2h. 2m., and 2h. 3om. : required the latitude, 


32 68e O iſt alt. 41 53“ nat. ſine o, 66762 


M=4h. 
222 
922 
151 
11 


Lt, 4.6 


>. 


2=3030|2d - =50 7 
30 37 30 3d 


©, 31012 


0,03827 


862 C/ 


11,15543 


$6 o=compl. of 2 N. 


— — — 


Enzo 0=2h, from noon. 


290 { D — 27 
=44 545 0,70589 J JF , 6154 
9.42001 Here ic TS AE. 
9,507 10 Alſo zh. om. = time at 3d altitude 
1 11 30 = time at 2d altitude 
8,92711 9 28 = timeatiRtaltittude 
 9,98443| 1 86* of 1.15642 
9,50J10| 1% 2 34 0 0,2624 
— , 60 8.88280 
9749153 | — — 
Lol 0,98112 9.99172 
1,4171421, h 159 C 8.82 99 
9,7475606 T, x o, 06572 8.81771 
wm | . 
9.95386 o, 70589 ſine of zd alt. 
10,8254 50 30 o, 7161 ſine merid, alt. 


— 


12 6 0,209;1=fine mid- n. depr. 


— 


* 


Hence lat. 58“ 42 N. 
Declinat. 219 12 N. 
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Ex AM. IV. Suppoſe three ſucceſſive altitudes of the Sun were, 6147 
662 393", 369 5 % taten at intervals of 2b. 14m. and 2b, 46m. required 
the time of the day, and the latitude. | 

= Sh. om. 275 J iſt alt 6147 nat. ſin. o, 88117 8 5 
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* A 14 =33 30 2d 266 397 o, 91726 ND o, 29215 


2 46 =41 20Jgd 236 5 o, 58902 { F=0,32824 
1m 168. tc 945909 Here I6—4B=JE. 
1, n 20 45 9, 564936 [And o is a ſupplement. 
| — — Alſo zh. 36m.-=time of zd. alt. 
1,24 o, 10211 950095 12 co =time at 2d. alt. 
— »— — ro 36 S time at if. alt. 
11% 16* 45” 9.981171, 1069 307 0, 54666 
1745 20 45 9.54936] un 37 30 0, 21555 
— 1.9 0, 29215 9,46g61 
1,4 o, 33926 ; 9, 53053 — — 
L;! 1.68969 10, 22782 
L D, 0, 29215 0,6343921, n 27 © 9,3 1409 
L,F o, 32824 9,54619 — 
L 2M 37 30 9.78445 [& , 34825 9.54791 
Zic o, 68 396 9.83503 o. 58902 S ſine of the 3d alt. 
„„ 0.34470 9-53744[69%36/ 0,93727=fine merid. alt. 
1, 1069 30” 10,52839]48 48 0, 75242 fine mid. depr. 
52 30 Scompl. of 1. Hence latitude = 30% 48 N. 
— — Declination = 10 24 N. 
n=54 zh. 36m. à noon.f 


PROBLEM VI. 


O. 
Given two altitudes of the Sun, the interval of time between the two obſer- 
vations, the Sun's declination; and the latitude by dead reckoning ; to find the 


true latitude. 


SOLUTION, 


1ſt. Convert the interval of time into degrees, and take its half. 
Alfo take the half ſum and half difference of the two altitudes.. 
| Fir Operation. 
2d, Add together the five following logarithms. 
log. cof. of the half ſum of the two altitudes. 
log. fine of the half diff. of the two altitudes. 
Ar, co. log. ſine of the half interval. 


Ar. co. log. cof. of the declination. 
co. log. coſ. of the lat. by account; their ſum#is the] 


Ar. 


ſine of an at. 


3d. Take the diff. between this arc and the half interval; and the half 
of this diff. is half the time from noon, when the greater altitude was 
taken, or half their ſum is the time from noon, when the leſs altitude 


was taken. 


th. Add together the three following logarithms. 

log. co-line of the declination. 85 
log. co · ſine of the latitude by account. 

Twice log. fine of half the time from noon, iti degrees. 


— 


*Rejecting the tens in the ſam of the indices in this and the following 


| logarithmic work. 


Seek 


er- 


the 


> hall 
> Was 


nude 


7 wing 


Seek 
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5 

Seek the number to the logarithm of the ſum, then that number 
doubled is a number, called the correction; which being added to the 
natural ſine of that obſerved altitude half the time of which from neon 


was taken gives the natural fine of the mer. alt., which is b 
and hence the lat. is known by Problem I. 


y it known: 


71. | RE MAR RK s. 


But to know if the latitude thus found is accurate, make a ſecond opera» 
tion, Thus, | 

To the ſum of the firſt four logs, uſed in the 2d article of the rule, add 
the ar. co. log. co-fine of the latitude found by article th. The ſum is 
the log. ſine of an arc. 


Work by the 3d and 4th articles, for a corrected latitude ; and if it 
comes out the ſame, within a minute or two, as that found by the firſt 
operation, it may be eſteemed the true latitude, 1 

Or, if the difference between the reſults of the two operations do not 
exceed about th of the difference between tbe latitude aſſumed, and 
that firſt found, the laſt reſult may be accounted ſuſficiently correct. 

But if the difference between the reſults of both operations is much 
greater than the ſaid jth part, then a third operation with the laſt found 
latitude will generally give the latitude exact enough. 

When the latitudes found by the firſt and ſecond operations have one 
greater and one leſs than the latitude by account; or if theſe latitudes 
tound differ by a degree or more; then make a third operation with the 
half ſum, or mean, of theſe two latitudes; and if the latitude found dif- 


fers from the ſaid mean, half their ſum will generally give the latitude 
very near the truth. 55 


When both oblervations are made 
afternoon ; 

The half interval is half the difference of the times from noon: 

And the firſt found arc is half the ſum of the times from noon: 

But when the obſervations are, one before, and the other after, noon; 

The 4 interval is the 4 ſum ; and the iſt found arc is the I diff. of the 
times from noon. 


The 4 diff. added to the 4 ſum gives the time of the obſervation far- 
theſt from noon : 


And the + diff. taken from the & ſum gives the time of the obſerv. 
nzareſt to noon. | | 

72. The times of obſervation ſhould be taken to ſeconds, or at leaſt 
to quarters, or thirds of a minute of time. They are beſt when taken 
between the times of gh A.M. and 3h. P. M: the interval of time he- 
tween the obſervations ought not to exceed five hours, nor be much leſs 
than the time from noon at the taking of the greateſt altitude: in general 
the interval ſhould not be much leſs than about 4 of an hour. | 

73. This problem is belt ſuited to ſituations, where the the Sun's me- 
tidian Zenith diſtance is not much leſs than half the latitude: for in lati- 
tudes where the Sun approaches near to the zenith, the obſervations are 
to be taken much nearer to noon ; andthe ruſe inſtead of approtimating 
vill in ſome caſes give the reſults of ſuceeſſive operations wider and 
videc from the truth; in ſuch _ it is beſt to apply Prob. II. 

2 


74+ About 


in the forenoon, or both in the 


% 
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74. About the year 1740, Mr. Yehn Douwes, a mathematician at 
Amiterdam, and examiner of the marine cadets there, firſt communicated 
to the ſea officers of Holland, a ſolution of this problem, by the help of 
a ſet of ſolar tables which he had computed for that purpoſe. Manuſcript 
copies coming into the hands of ſeveral Engliſh officers, who held the 
method in high eſteem, it was in the autumn of the year 1759 publiſhed, 
without any demonſtration ; but one has fince been given by ſeveral per- 
ſons. In particular Dr. Pemberton communicated to the Royal Society 
the whole compoſition, and ſhewed the limits, or where the method 
diverges, together with other uſeful particulars. T his curious paper of 
the Doctor's was publiſhed in the Philoſophical Tranſactions for the 

ear 1 60. 

4 —— tables conſiſt of four colums ; in the firſt column ſtand; 
the time to every half minute, extended to fix hours: the ſecond column, 
called half thee lapſed time, contains the arithmetical complement of the 
logarithmic fines of the degrees correſponding to the times they ſtand 
againſt, in the firſt column : the third column, called middle times, are 
the logarithms of twice the natural ſines of the times, in degrees, which 
they ſtand againſt: and in the fourth column are the logarithmic verſed 
ſines of the times, in degrees, they ſtand againſt. But the preceding 
ſolution requires no other tables than are in the common books of navi- 
gation *. | 


Ex AM. I. At gh. 18m., and at 11h. 30m. by a watch, the Sun's altitude 
were reſpeftively 8037, and 16734“; the Sun's declination was 2292J'S.; 
and the latitude by account 50% 40 N. : required the true latitude. 


gh. 18m. J zh. 12m. 3393 altitudes 5 


11 30 16 34 nat. fine o, 285 14. 
881 tes "FI JH nu 42 
B interval 2165 300 2) 248 | 75 2 ng 53 
or + diff. times : | 7 5641 3 58 = diff. alt. 
2g ſum alts. 2 15 351 298942 Ls, declinat, =22923/ 9.96598 
Lig4 diff. alts. = 3 58. 8,84941| Ls, latitade =50 40 4 0197 
L's, declinat. =22 23 0,03402 Wa = 3 432 8.82317 
L's, latitude =50 40 3.198031, 4 correct. =,00247 7.39420 
4: 3 a Correction =,00494 
*, an are #23575 9.8. nat. . of 16934" ,28514 great. al. 
156 30 - | s, merid. alt. . 29008 16952 
— | | Meridional zenith aiſtance 73 88. 
: 7 272 7 Declination % 488 2040s 
Its half =-3 431 t. from noon. True latitude Fo 45 N. 


4 4. 


* PII Ss : 


— 


6 


2 Among the ſeveral 1 of theſe Solar tables, the moſt extenſive 
an; uſefal, is in the Nautical Almanack for the year 3771. 3 


2 A7 : 4 Þ [4 
* * e *r y 5 69«„ 1% „ 
& „ 


3 — ©" — 
84 „ — 
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Ex AM. II. At 125. I 2m. and at 3h. 20m. by a watch, the Sun's altitudes 
were 569 4.44, and 30? 413" reſpectively; the Sun's declination tvas 199 


485. and the latitude, by dead reckoning, 139 14'N. : required the ir ue 
latitude. 5 | 


mm zu. 8m.=47* 3 altitudes J 56 44h nat, fine 0,83615, 


3 20 n A 
: e, e . 
lt 3nd VS 5 87 2513 43 = + ſum altitudes, 
half diff. times 3239 3o' 2 — 
N 1 26 3 3 12 = Z diff altitudes, 


1, 4 ſum alts = 439437 9,85900 LY, declinat. 
1 Af, n S 13 14 9.35290 
1, 2 diff. times = 23 30 0, 39930 
vu, declination 19 48 o, 02647 
1% latitude © = 13 14 o, 01169 


| = 19%48' 9,97353 
Ls, latitude = 13 14 9.98831 


, ® 8. 16 
217, 4 time 1 292 * 


L, & correct. =,q00623 6 


23 30 Correction 2,0125 
— 5, great. alt. S, 83015 
2 5 2 — — 0 
Sh | ? , merid. alt. , 83740 = 568562 
Its half = 1 295 tim. fr. n.] Merid, zenith diſtance 233 88. 
N —: Declination | =19 48S. 
$5.0) | | True latitule eig 20N. 


3 III. Required the latitude of a place from the following ob ſer va- 
tions made with a regulated watch and a Hadley's quadrant. 


Altitude 153“ at gb. 28m. A. M. 7; _ 
— 44 — at 2b, om, P. M. Gd . 
86 47143 2372 ſamof the altitudes: declination 199 12'N, 

0 | | 

3 1j 1 304 1 diff. altitudes: lat. by account 59g ON. 
1, v ſum alts. = 43%23Y 9,86134 | Ls, declinat. = 1991“ 9,9714 
L, 4 diff, alts. = 1 304 8,4203211, latitude = 59 © 9g,71184 
1, t ſum times 34 0 0, 25244 21 5 time = 14 59 {9:41252 


1% declinat. = 19 12 02485 41262 
1, latitude -- = 59 0 0,28816 — 


. —— L, ! correction 2, 03251 8, 5 1202 
Ls, £ diff. times 4 2 3, 84711 


: — —— | CorreQian ==,06;0atobe added 
2 noon at 1ſt alt, = 38 2=2h.z2zm-| , altitude 44 54 , 70589 | 
oon at 2d alt. 29 58 1h. 5952“ — 


ſy merid, altitude »77091 25026 


— _— 


| Hence the latitude =58 46N, 
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Exam. IV, Being by my dead reckoning i in lat. 309 955 N. the declinaticn 
being 10% 240. ; the Sun's altitude in the forenoon Was 47, and 5 hour; 
after, iu the afrernoon, bis altitude was 36% 572 required the true latttuge, 


The interval, or diff. of time = $þ. ud * nat. fine ,8811 
diff. time zh. 30m. 7 30. 5. | * 456 SF | 4 


27 $2 A6 567 22 fan th 
"= 44 12 5¹ ig alu. 


1, 4 ſam ales. = 48566“ 9.81750 Ls, Slide — Sie 95900 
17, 4 diff. alts, = 12 $1 9,4713 Li, latitude = 30 30 9403532 


V's, diff. times = 37,39 o, 21555 2D 52016 
1 declinat. = 10 24 o, oo) 20 21 times en Cn 
1, latitude = 30 30 0,06468 Ag: — 


E correct. =,02828 8,4510 
Ls, + ſum times — 16 27 9g,45206 —— 
— — Corredion =,05656 to be added, 

I noon at iſtalt. 21 3=1b. 245m. | 5, greateſt alt. 2588117 


— | 


3 noon'at ad at. 55 57 Jh. 354m. 4, merid. altitude ,93773=69*40' 

Merid. zenith diltance S 20 208. 
it aitode, at roh. 354 min. Sun's declination =10 24N, 
2d altitude, at 3h. 353 min, x 


| 

| Latitude x =30 44N, 
Second operation. 

Sum of the 1ſt four logs 9, 38738 | Ls, deelinat. = 10 24 1 9.99780 


, new lat. is = * 30 44 0,06573 [, new lat. = 30 44 9493427 
— 


1 627 N e 0,2 0 3 
175 ; ſum times = 16 30 9.45311 ee + 0 TY. IP 19.5 
— N 


a noon at 1ſt aſt, =2r o=rh. 2 128 4 correct. , o 2808 6, 4483 
a noon at 2d alt. 2 54 o=3h. | —— 
3ſt altitude at 10h, 36m. A. M. Correction ==,05616 to be added. 
ad akitude at 3h. 36m. P. M. s, greateſt alt. 88117 


- 


ns „ ered: dal 9373399 30. 
Hence the true latiiude will be' 305 4 W. 


ExAM 


AN» 
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Ex AM. V. Being by account in latitude 169 20'S., and the Sun's dakius- 
tian 229 48'S. z at 8h 31m 44 forenoon, the altitude of the Sun's center was 
40? 15 ; 3% at ib 19m 44. P. M. its altitude was 70? 26' : required the 
17 . | 


true | | ; 
Times 13 17 44 : Alts. 70 26 Nat. fine = 0,94225 
8 31 44 40 38 e 


4 46 = 71 zo; its 223545“. 111 43 { ſum= 55232", 

| | 29 48 4 diff. = 14 54. 
L's, 1 ſum alta. = 55 32 9,75276 | L, „, declination = 2248“ 9g,96466 
1 x diff. alts. = 14 54 9,41016 | Ls, latitude = 16 20 9.98211 
L's, 4 ſum times = 35 45 0,23340 | Ls, F leaſt time = 9 43 9,22731 
1%, declination = 22 48 0,03534 | 1, i, leaſt time = 9 43 9,2273L 
Ls, latitude = 16 20 0,01789 | | —— 
| | L, No. correct. =,02520 8, 40139 

1, diff. times = 16 19 9444955 — 

— — Correction , og 40 
Leaſt time =19 26;itszz=9%z3/} N., gr. alt. 2594225 


N.s, mer. alt. =,992bg=83%z" 
Mer. zenith diſtance 6 578. 
Sun's declination 22 48S. 


25 Latitude W = - 
| | Second operation. c FRO] 
dum of the four Gr logs. 9, 437661, „, decl. = 22948' 9,96466 
1%, latinude = 15 51 '0,0168; | L,f, Fatitude = 1551 9,98317 

oh | — — |} L,:, x leaſt time & 43% 9,22749 
Ln; diff.cimes= 16 18% 9,44849 rn, x leaſt time = "9 434 9422749 

8 45 "ar ——— 


ak — a L, N? + correQ.=,02528 8, 40281 
Leaſt time S 19 26 .it Correction =,05056 


N., gr. alt-. 52596845]: 


an aw — eneite. 


* . 


Hence the true latitude may be taken at 15% 55/S. _ | 5 
5 the latitude, duclination, and altitudes the ſame as above ; but the 
times had been at 8h 31m 441, and 10h 42m 161 in the forenoon; or at 10 
17" 447 and 3Þ 28a 161 in the afternoon ; to corredt the latitude by account, 
Times 10h 42m 46 Or 3b 28m 16 8 

8 31 44 1 17 44 


—— . ; 


| N. „ mer. alt, =,g9281=83" 97'- 


IE" 


2 0: as 3 10 3232 387 zits 1216419“ =; diff. times. 
Conſequently, in the firſt part of the operation, if the 16 10 be uſed 
inſtead o 55 455 the ſum of the ſiye logs. will give the log. of 35%45", 
for the half ſum of the times; and half the leaſt time will be 994.3: 
tierefore ay. fone reſult will be obtained, and the final latitude will 

159 55 S. 21 63 bas couple e 
If three zenith diſtances, circumſtanced as in Problem II. or III. 
could betaken, the latitude would be found with leſs trouble. 


5 . 
— * 4 * 3 *--5. "2 r * 
n is 8 . . 8 ra 1 
N r GETS — - _ 
3 n 2 
9 = - 


_ 
= 
1 
; 
. 
* 

f 
+ 

: 
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Fxam.VI. Wanting to go through the 8o N. channel among the Maldive,, 
and being by account in lat. 7 20'N. with 22948'N. declination, at tb 


25 im forenoon, 1 found the true altitude of the Sun's center was 22; and at 
10h 314" its altitude was 63 400 © required the ſhip's true latitude. 


Time 10h 310 48 Alts. 63 49N.s, , 896 10 
71 2 49 22 30 
0 — — e ' ac A 
Interval 3 6 846327; itsz zz 16 86 10; 43 05=3 ſum alts. 
— — - | 


e 41 10 20 38 2 diff. alts. 
Lu, 4 ſum alt, = 435“ 9,86354 | Ls, declinat.* ' = 22 48 9.96467 
Ls, £ diff. alt, = 20 35 9,5460 [r, latitade ' = 7 20 9,9964; 
1˙ T diff, times = 23 16 ©,40339 | Lys; EI-ftime = 11 1+ 9,28157 
x; declination = 22 48 Q,03533 | L,y#,t l. time = 11 173 9.28157 
1 declination = 7 20 0,00357 1, No correct. =,03344 8.52424 

: CE 9 | ts © . 
Ls, latitude = 7 20 9.95184 N. , gr. alt. =,89610 3 
Leaſl tim.3noon= 22 331281114 N. 5, merid. alt., 90298 2422, 


Mer. zen. diſt. =15 38N, 
Declination =22 48N. 
Latitude = 7 10N, 

Second operation. 


Som of the four firſt logs, 9,84827 | 1. a decl, = 2248“ 9, 9646) 
V latitade = z e, 4 ., latitude = 7 10 9,9259 
1 hi 1. , 4 l. time = 11 9, 28108 
Ls, + ſum times 45 175 9.85168 | L,s, 2 l. ume >= 11 of 9,28 105 
T diff. times 23 16 Ft; L, No correct. , o3 337 8,5234 
—— Nane EET 9 
Leaſt time anoonz2 14; its T1101 : | 80696 
| N., mer, alt. 992847420 
[Hence the latitudeis 70 NN. 1 


If the altitude had been at 1b 280 12, and at 4b 34m 205, both after- 
npon, the latitude would have been the ſame. 

But had the times been at 7Þ 25 49\ forenoon, and at 1h 28= 1x 
afternoon: or, at 10h 31m 481 forenoon, and at 4h 340 20f afternoon, 
with the ſame altitudes, declination, and latitude, by account, to correct 
the latitude. | el hon 


Times 13 28 12 Or 16 34 20 
. 10 31 48 
6 2 32 ſum of the times 4 
3 * 1684519. | 3 ba: 


Then the log. of 450 19' being uſed for the third log. inſtead of that 
of 23*16: the ſum of theſe five logs. will be the log of 23˙ 16". the half 
difference of the times; and, conſequently, the leaſt time will be the ſame 
as in the former operation ; and the final reſult for the latitude will be 
W 
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1 Exam. VII. Wanting to make the Engliſh Chaimel, I obſerved the true al- 
h titude of the Sun's center 24 30, and zh 4m after, its altitude, was 52% 16% 
it our latitude by account was 49® 12', and the Sun's' declination 23. Wer 
5 the ſhip's true latitude. a 188 0 4 
zu 4m =46? its 2223 che interval. 2d alt 52 16 Nat. fine 79087 
 _iſalt=24, 30 
76 46 33 23 
ada 274611353 
7 „% + ſum alts. = 38 23 9.89425. ,, declination=23 © 0,96403, 
3 bots L diff. alts. = 13 53 38011 | L,s\, latitude ==49 bo. 9.81519 
7 b x interval = 23 © 0,40812 | L,s, Lleaſttime =15 47 97541512 
7 5% declination= 23 © 0, 03597 Lys, 4 leaſt time 15 44 941812 
4 1% latitude = 4912 0,1848r |, Noa cored, =04069 8,6094 
| — | 
Li; {ſum times = 53 09 9,90326 Correftion * — 4 
: 4 a nk, 1 N,s mer, alt. =87224=60 43 . 
. ann 1 N tit 0 pp 
V. Decl. a o_ O 
\. | Latitude 52 17 
Second Operation. 
; Sum of four firſt logs. 9.71845 | 1, %, decl. n= 23 o 996403 
7 , latitude = 52 17 O,21342 | 1, , latitude = 52-17 9.786 58 
2 en a times = 58 44 9.93187 , l. time = 17 52 9,480 98 
58 23 O L., +1. time = 7 52 9,45 85¹ 
. Leaſt time à noon 35 44;its=17 7 52 L, Ne cortect. = 05321. B,7. 733 
= Latitude 52 17 firſt foun 10002: 
Latitude 49 t5ſecondfound, 79087 60 
2 | — eP4gor 2 
nuke ths | — diſt. 26 15 
ean latit 0 46 D 7.09 
. M atitude 504 IT Latealle7g 5 
1 Third Operation. wt * 
n, Sum of four firſt logs. 9.71845 L,-\, decl. = 23 © 9, 6403 
„, latityde == 50 46 5, 19895 ,, latitude = $9 46 9.80105 
IM, T leaſt time = 16 23 9,45034 
be tow times = 55 46 9,91740 | ,, 2 leaſt time = 16 23 945035 
I , Ne correct. = 04632 80577 
gry porno 99204. 
Leaſt t. à noon = 32463its! 16 23 8 75897 2 | 
N.s, mer. alt. 88351 =62 62 04. 
| „Bei 7 55 
jat | | n em? 1 Lf 2 
lf | Tatitade 50 56: 
45 | Former mean u latitude Fo 46 
de 5 ' „ PP 101 — 
Fa True latitude 5 57 50 51 
M. . 


In 


In the preceding Problem it was ſuppoſed that both the altitudes 
were taken at the fame place; but as this\can ſeldom happen at ſea, 


is neceſſary to ſhew how the latitude may be obtained when tac 
altitudes are obſerved at two different but not very diſtant places. 


75-9 PROBLEM vi. 


Given the latitude by account, the Sun's declination, two obſerved altitude, 


the interval of time, and the courſe and diſtance run, between the obſervations; 


to find the latitude correſponding with the noon of that day. 
| . S0LUTION. 


iſt Find the latitude by account at the time, when the greater altitude 
was taken. 1 | . 

2d. Let the bearing of the Sun be taken by the compaſs at the inſtant 
when che leaſt altitude was obſerved, and take the difference between 
that bearing and the ſhip's courſe by compaſs. 

zd. With this angle, or its ſupplement, if more than go degrees, and 
the diſtance run by the ſhip between the obſervations, find the difference 
of latitude in the traverſe table. | : 
At. This difference of latitude muſt be added to the firft altitude 
if the angle between the Sun and ſhip's tract be leſs than 909; but it 
muſt be ſubtracted from it, if that angle be greater than 90“, to give 
the firſt altitude, as it wonld have been found, if it had been obſerved 
at the fame place, where the ſecond was. 

sth. With theſe altitudes (thus reduced to the ſame zenith), the ob- 
ſerved interval of time, together with the declination and the latitude by 
aceeunt, at the greateſt altitude, find the meridian altitude by the pre- 
ceding problem; and hence the latitude will be obtained for the time, 
when the greater altitude was obſerved. | 

6th. If che latitude be required for noon, with the courſes run by the 
ſhip, corrected for variation of the campaſs and lee-way (32, 35,) and 
her diſtance run by the log, find the difference of latitude made good 

the time when the greater altitude was obſerved to noon ; which 

being applied to the latitude, found above, at the time of the greater 
hide, will give che latitude at noon. 


Remark, If the Sun's bearing could be taken with ſufficient ac - 
curacy at either obſervation, it would render the other obſervation uſclels; 
for, with the azimuth, the polar diſtance and the zenith diſtance, taken 
at any time, the latitude and hour from nook may be found. But 
although the Sun's azimuth cannot be obſerved with ſufficient ex- 

for this purpoſe, it may for obtaining the correction to be ap- 
plied to one of the altitudes to reduce it to what it would have been 
found, if it had been taken where the other was. For the ſmall error 
incident to the correction of the zenith diſtance, by being computed 
from an azimuth ſomewhat erronequs, will bear to the error in that 


azimuth, a ratio but little different from that of the fine of the diſtance 
35 | run 


S. e mHT=SD DD 


8 
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run by the ſhip to the co-ſecant of the angle which the ſhip's courſe 
makes with the azimuth circle that the ſun, was on *. Or, inſtead of 
obſerving the ſun's azimuth, it may be computed from the latitude by 
account, ſufficiently exact for the purpoſe of obtaining this correQtion 


as was propoſed by Dr Pemberton. 


Note. In the ſecond operation of the examples to the VIth and VIIth 
Problems, the arith. compl. of the 'co-fine of the latitude is added to 
the ſam of the four firſt logarithms, according to the precept in Pro- 
blem VI., by which means the conformity of the ſecond operations with 
the firſt is more expreſsly ſhewn yet the ſame logarithm would be pro- 
duced by deducting the co-ſine of the latitude from the ſaid ſum. 


Ex AM. I. Sailing S. E. 11 knots an hour, at q 36” forenoon, the true 
altitude of the ſun's center was 52* 27, and his bearing was S. 60 300 E. 
and at 11 24, its altitude was 63 4.5" ; the latitude by account at this 
time being 4.89 46' N. and the Sun's declination 239 20 N. required the 
latitude at the time when the latter altitude was obſerved. 


Now 11h. 24m.—qgh. 36m. = Ih. 48m. is the interval of time. 

And th. :-th. 48m. :: 11k : 20kn. nearly the diſt. run in ih 48m. - 

Alſo 60 30” the Sun's thumb, leſſened by 452 the ſhip's rhumb, leaves 

+ „dd 7 as 
hen with the courſe 15® 30“, and diſt. 20m. the diff. lat. is 19M, 

And 53 2 19 5221 for the leſſer altitude corrected; Eds 

the zenith where the greateſt altitude was taken. LCs 


Now 1h. 48m. = 250% Alis. 63 45” N. S. 8968 7 
half interval '= 13 30 52 21 N. 8. 79156 
; 2 balf ſum 58 z hal diff, $* g#*. 

137 ſum alts. 5800 ; 9.72360 |us declin, = 23 20 9,96294 
1. diff, alts. = $5 42 B8,99794 [Ls Lat. = 48 46 9.81897 
17, diff times, = 13 30 o, 63182 L, loſ. time 4 10 3.86128 
LS declination = 23 20 l L, Lloſ. time= 4 10 8.86128 
L lat. — 48 46 o, 18103 L. No corr,=,003195 7.50447 


— 2 EINE * 
174 6 tines = 21 50 Correction , 5% 


9557055 N. leaf alt. 8968s? 
lt. time à noon= 8 20 its Z = 4 10 |N-emeralt.= ,90326 = 64 35 

_ mer. zen. diſt; 5335 38. 
I | Declin. 23 20N. 


__— 48 45 N. 


Here the lat. g 45” computed, differing by T min. only from the 
fatitude b indy be taken for the true latitude. 


„ ' 1 12 


— — — 


144 
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Exam, II. Bring, 7 in latitude 5 10 6 when the Sun's 4 
clination was 220 15 777 9b. 18m. A. M., ne s altitude was: $6 
37% ' whan he or Fr 36? 75 E; and bauing run NV, l. li. eight Inoii 
an hopr, at 10 's altitude ius 14* 460 nee a 4. 
at the time when th 3 0 Vocals was abe 1 vl, 


ike the — Roe) 9 7 1 time is th. 42885. 3 
Now 1h. : th. 22m. :; Sk. 1 kn. nearly, hari ran eee. 
Here the Sun's Thumb is S, 3645 E. 
And tbe. ſhip's rbumb is N. 36 7 W. EPS 
The angle camprehended berween tbem i - 169? 30. e 
Its ſupplement is 19 30, which as a courſe, with the diſt 11, gives 
10s for a diff. lat. .. 
And * ſhip running rg. tom the Pu Jens the altitude. 


1 


L 
$34 3d 


f 


77 find the Iatitude h Problem VII. 


10h. 400 J interval i 22m,= 20:30, 14 46“ A ſum = 119362; 
9 18 half. diff. times 10 15 Alte. 8 27 Ziff, = * 


* 


5 ſor alta. 1136 9.9914 15, Tn 27723 9.96598 


1 diff alts. =' 3 9 B,74111| Ls, Iaiitude 51 6 9, 79793 
15 diff. times 10 15 0, 74% 2, tn Ane 37 | 223978 
L, declination = 22 23 0, 03402: | 
1. latitude * 3 d. 20207 l. 14 coretion 4 ae 20 


15, ſum times = 31 2 8 7 S ä "LR, 
= 2255 Nat. fine , : 25480 of 140 46 
ho ne, 5 1 14 from noon. | ES” mam | 
: Fe | 3 fa of * 2 0 Pe ina. 
Zen, di 
Tha 72” 53 Lu 517 5 =50® 30 W the Anse hy : 55 bes! 
: Second Operation, * 


11 p ö * 


ons ! 


Som of the bor zm logs. 260; 70 x2, declination,= 22*2g'- 9,96598 
LS, latitude | = 95 830 25 7 14, latirude 42 — 50 — yy 3 hg 


=, + leaſt time 10 24 . 81385 


is hes times 31 34 9.70236 
Toon | L, 4 correction 0,019165 8,28954 


| 
Lean time 20 48 fr. noon — —— 


ben the correction 903333402 88 the nat. ſine of 149 400, gives 
0,29321 the nat, ſine of * og the n . alt. and Ge weilt. on dill 


i AM the latitude will be 50% 34” N. 
"And by making a third operation; the latitude fought will be found ta 
be 50% 34 N. e lame to à mile as it was before. = 


2 g 
5 W5 <<." >: in KT ES 
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Exam. III. Running with 4 briſk gale ten knots an hour, on a M. S. IV. 
aurſe ; at 10Þ 36" fortnoon, the altitude of the Sun's center was obſerved ta 


„ 61* 43 and at zu 36" P. M. his altitude tyas again found to be 360 
; 1 205 Bis bearing S. 800 30 W. by our e the rely: at 10 36 
was 300 M, and the Sun's declination 109 24 N.;: required the latitude 


at the time of the firſt obſervation. 
Here the obſerved difference of time is five hours. 


And th: 5h:: 1okn : 50kn. the diſtance run between the obſervations. 
When, as in this, caſe, the ſun's bearing is taken at the ſecond ob- 


[0 


ſervation, the oppoſite point to the ſhip's courſe muſt be uſed in reducing 


that altitude to the ſame ſituation with the firſt, Y 

Now the Sun's rhumb is S 80 30 W. or N. 80 30“ E. 

And the oppoſite, point to the ſhip's courſe, is N. 67 30 E. | 

Their diff. is 132 087, which as a courſe, with the diſt; 50, gives diff. 
lat. 49%. Then 36* 5'—ag'=359 16' £ | 

Then 36? 5'—49=35* 16“ is the corrected alt. for the ad obſetv. 

T find the latitude by. Problem VII. 

Interval gh:= 752 of Alts. 61%“ 2 ſum alts.=48%312. 


! Interval = 37 30 35 16 |; diff. alts. 13 154. 

1.34 ſum alts. = 48 311 9,82105|L,s, decl. = 10524 9,99281 
14 diff. alts. = 13 151 0, 36048 f,, latitude = 30 © 9.03753 
15. ſum times 37 30 o, 21855 U, nt time = 10 14 924958 
Li, del. 10 24 o, oo 19 L., z time = 10 14 9.24958 
5, latitude = 30 © o. 6247 , No corr. = 0,02688s 8.42950 


ets | Correction = ,o5 25 
L,4d1ff, times = 17 2 9,4667 4 N., of 35 16= 88 5 | 


1 ER oF 5-0 4 | Dots MEFS i, =69® 13%. 
eee 01 5 0 C0032 105" I And the latitude Kt: 31911"N.c61) 
By a 2d operation the latitude will he found to be 319 26 N. Ey a 
3d 31? 30“ N., and by a 4th 31“ 30 N. | 

By working with the latitude 29% 41” which the ſhip was in at the 2d 
obſervation, the ſinal reſult will be the ſame, as is ſhewn in the following 
practical form of placing the work of theſe examples: , 404 2 is the 
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lum of the four firſt logarithms. | 78 
Firſt Operation. Second Operation. Third Operatian: 
9447 9,9928 19. 40427 9 99281 9.40427 999281 
00009 9.93891 0.00724 9,93270|0,06869 9.93131 
9.465 30 9,66056 [9.4751 9,6240 9.47296 66289 
105847 2.508617 137 9.66240 17% 17 268715 | 
37 30 9.25 2844 e 9.2199 
29932. . 8277798 32. 25. 2 2222 
4283 0,35800|54 43 6, 35596. 47 0735558 
27 144 0,6774027 214 2.27 233 8.57240 
| DE 03436] 2293298 
Mer. alt, og 18] Mer, alt. 689 5b| Mer. alt, - 682 54 
Zen, diſt. 20 42 | Zen. diſt. 21 02 Zen. diſt. 21 6 © 
Deel. 104 24 Deel. f Det, ap 26 
Latitade 31 6 Latitude 31 26 Latitude 31 30 N. 


Exam. 


: : Z Co. 
—:2465 KE ũ ĩð 
r No — 


—— TI 
PI) 


— Om = 
7 —_ 


284 


Ex AM. IV. January 20, 1780, being by accaunt in latitude 50 30“ C., 
longitude 64 IV. at 7h Zam, and at 10h. 28 forenoon, by fore obſer vation, 
the altitudes of the Sun's lawer limb, were 29® 48%, and 49 531 3 ard 
his bearing at the former N. 80 E. the eye 20 feet above the water, and be- 


rween the obſervations the ſhip 
required the mid-day latitude. 
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Book IX. 


had run 8 knots an hour, on a courſe S. 50“ E. 


Now ſhip time 19 32" P.M. +4 16 W.=23* 58". Or, 11* 58A.M. 


London. 


Or, 22%28* P.M. + 4* 16» W.=26* 44”. Or, 2 44" P.M. Lond. time, 


(57.) 
(57.) 


The Sun'sdeclination fitted to theſe times, are2098”,and 2097”. (V. 281.) 


App. alt. © lower edge 29 47 30 
+ 16 20 


© + diameter 


App. alt. © center 


Dip. on 20 


Refraction 


Now che interval is 2 56”. And 1: 2 56 ;; 8kn : 23kn. the dil 
tance run. 5 
Wich the courſe 


True alt. O center 
Or, | 


30 3 50 
4 is 


29 $9 35 


1 38 
29 57' 57 


And, 49 52 45 
16 20 


50 8 og 


— * 


417 
50 4 50 
| 8 


4 


3 — 2. 


Go din 


S. 50 E. and diſtance 23” the diff. lat. is 1 on; 


Then 569 30'+15=56* 45” the latitude in at ſecond obſervation. 
Again. The difference between the Sun's bearing N. 80 E. and the 


ſhip's courſe N. 130 E. gives 509. 
And with the courſe 50 and diſt. 23® the diff. lat. is 1 5 . 


So 29? 58'+ 15'=30® 130 the corrected alt. at 1ſt obſervation. 
The interval = 2h 56m=44* * Alt. 50 4 7 ſum alts. = 40%8 4 


Its half 
Firſi Operation. | 
9.88335 9,97 262 
9923043 9.74109 
0,42047 9.728 3 
090273 9.22873 
0,2811 9.17197 
9.83174 4800 
42945" 22 
22 „50327 
64 45 2042 
32 28 $39 110 
Zen; diſt. 30 49 N. 
Dec 20 8 8 


Latiiade "56 57 


222 30 13 
Second Operation. 
9.57363 9.97262 
0,20331 9,7 3669 
9,83694 9,73249 
43923” 9,73249 
_ SS 9,17429 
85 23 214940 

* 41 | 
| Correction, 29880 
Lenſt alt. ,50327 
Mer. alt. 207 
Mer. alt. 53520 
Ten. diſt. 3 


' 


_ Declination 20 8 
Latitude 56 48 


[ 


2 diff. alts. = 9 551 


Third Operation. 
9.57563 9.97262 
0,26147 9.73843 
9.8 38 20 9,74126 

43102 9,7326 
22 2417357 
65 10+ 914910 
32 352 529820 
4 8014 
Mer. alt. 53 16 


7 2 Declinaticn 20 
Latitude 5b 52 


— —— 


But 
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But working with the latitude 560 45', and the declination 209 %%, 


; at the fecond obſervation. : 
Firſt Operation. | \, Second Operation. : 
9.88330 2 9,972669, 57354 9.0266 
923043 9,7 3901 o, 26215 973785 
042047 947 308k | ———— | 
, 0,027 34 9.7308 1, 83569 9.73160 
„26099 9.17329 43* 14/ 9,7 3160 
——— a . A | 0 | 1 
ö 14904] 22 9.17377 
77700 Cor. , 29808 65 14 Ns 4920 
22 00 | 350327 | ü—lůüœü⅛/ — . 
— = 32 37 | Corr.  ,29840 
Jo, uot | | — N. s, leaft alt. „50325 
32 33 | mY ; — 
Mer. alt. 1 5839100 (( N. i, mer, alt. 580167 
Zen. diſt. 36 44 N. ö Merid. alt. ö $3917 
Declination 20 07 8. = — 
10 | | Zen. diſt, 36 43 N. 
128 Latitude 56 518. Declination 20 07 8. 
| 0 ey of Latitude 56 50 8. 
the Hence it appears, that in the work of ſuch examples, as the pre- 


ceding, it is almoſt indifferent, whether the latitude by account and de- 
clination relate to the obſervation neareſt to noon, or fartheſt from noon. 
However, for the ſake of uniformity, it may be recommended to uſe 
the latitude, the declination, and the natural fine, which do all relate 
to the ſame altitude. | | 1 
It will be ſhewn in the Appendix how this Problem was conſidered by 
Facio ; but his folution requiring too many trigonometrical operations 
1262 to be of ready uſe, the preceding method by approximation was ſubſti- 
843 tuted inſtead thereof. 


3126 76. Mr. Richard Graham's method of ſolving this problem, publiſhed 
7357 in the Philoſophical Tranſactions for the year 1734, Ne 435, by a kind 


1910 of inſtrumental operation, may indeed give the latitude within ſome 
2820 minutes of the truth with eaſe and expedition : it is, in ſubſtance, as 
0327 follows, | 

word Deſcription of the Inſtrument. | b 

3 16 To the meridian of a globe (properly divided) let a piece of a like me- 
0 # idian, and called the beam compaſs, about 110 degrees long, and di- 
hey vided like the former, be fitted; and made to ſlide on the upper ſide of 
be meridian *. Moreover let two fliding Vernier's ſcales, be fitted 


12 


_ — 


* In Mr. Graham's inftroment, made on purpoſe for this problem, the 
beam compaſs ſlides under the meridian, 


to 


as * 2 3 * 
— , 1 A 4 <>» 4x3 7 DT - — 
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to thoſe circles, dividing each degree into every five minutes. The beam 
compaſs muſt be ſo applied, that a pin, on which it turns as a center, 
and fixed exactly at o degrees, or one end of it, may paſs through a hole 
at the beginning of the diviſions of the Vernier which is to ſlide on the 
meridian, that pin ſerving as the center of motion of the beam com- 
paſs, when the Vernier is ſkrewed to the meridian : the other Vernier 
is to ſlide on the beam compaſs, and carry with it a pointer, or index, at 
the beginning of its diviſions. | | 


With this Inflrument the problem is thus ſolved. | 
At the time of the firſt obſervation let the Sun's bearing be alſo ob- 
ſerved, and take the difference between the rhumbs on which the ſun 
was obſerved, and the rhumb on which the ſhip ſteered between the 
obſervations : Then ſay, ; | 
As radius is to the co-fine of that difference of rhumbs, ſo is the diſtance 
run between the obſervations, to the minutes of correction to be applied 
to the firſt zenith diſtance, and is to be added when the ſhip fails from 
the ſun, otherwiſe it is to be ſubtralted, | 
Then flide the Vernier's ſcale on the meridian to the given declina- 
tion, and the Vernier on the beam compaſs to the firſt zenith diſtance 
as corrected, and let theſe ſcales be fixed by their ſcrews. Rectify the 
globe for noon (VI. 59), turn it till the hour-index points at the time 
of the firſt obſervation, there hold the globe faſt, and move the bean- 
compaſs on its center, nearly into the aziniuth of the ſun at that obſerva- 
tion, and deſcribe an ate on the globe with the pointer of the Vernier, 
Slide the Vernier on the beam-compaſs to the ſecond obſerved zenith 
diſtance; turn the globe (the proper way) till the hour-index points 
at the time of the ſecond obſervation ; there hold the globe faſt, abd 
with the beam-compaſs cut the former arc, their interſection will ſhev 
the place of the ſhip at the time of the ſecond obſervation : bring the 
' meridian over that poĩnt, and the latitude is found ; alſo the hour - inder 
will point at the true time of the day, when the laſt obſervation was 


SECTIO 
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eee 
77 To find the Longitude at Sea. 

If an accurate account could be kept of the true courſes which a ſhip 
as meaſured by the log or by any other contrivance ; then both the lati- 


tude and longitude of the place where the ſhip is at any time, would be 
be known on ſettling the ſhip's account to that time. th | 


ba Por the courſe and diſtance being known, the difference of latitude 
un and departure is readily found by the traverſe table; and the difference 
he of longitude being alſo found (VIII. 60), the true lat. and long. are 


- known. * BE: 
But as the ſhip's motion is liable to be diſturbed from a variety of 


1 cauſes, ſuch as, a continual deflection from the courſe ſet, by the ſhip's 
m playing to the right and left round her center of gravity, and the unequal 


care of the helmſmen + and the diſtance ſailed being faulty, on account of 
1 tumbling ſeas rolling with, or againſt, the ſhip the unſteadineſs of the 
* wind; unknown currents; ſudden florms, and many other circum- 
the ſtances, which ſeem impoſſible to be allowed for ; her place, aſſigned 
ag by theſe means, may juſtly be ſuſpected to be erroneous. Mariners 
. judge of this by finding the ſhip's latitude every day, if they can, by 


* obſervations of the Sun or Stars; and if the latitude, ſound by their 
= reckoning, agrees with that found by obſervation, it is preſumed that 
nich the ſhip's place is well determined: but if they diſagree, they conclude 


ints that the aceount of longitude ſtands in need of correction; the latitud 
ad bound by obſetvation being always to be depended on. | 


per 78. The error in the ſhip's reckoning is frequently attributed to un · 
zie known currents. For from cauſes, yet undetermined, there are man 

nder and various motions of the water in the open ſeas, as well as thoſe ob- 
wat lerved near the ſhores, where the motions may be tolerably well ac- 


counted for. Some of the currents obſerved in the great ſeas may per- 
. haps be awing to the tide's following the moon, and to the libratory 
motion which the waters. may derive from thence ; and the unſettled 
ſetting and driſt of theſe currents may poffibly depend on the change in 
the moon's declination. However, it it well known from obſervations, 
that the trade-winds occaſion a conſiderable current within their limits, 
particularly within the Tortid Zone, where the motion is perpetually 
towards the weſt, at the rate of 8 or 10 miles a day. But at the extre- 
mities of the trade-winds, or near the latitudes of 30 degrees north or 
fouth; it is likely, that the currents are compounded of the ſaid weſtern 
motion; and of one towards the equator (by obſervation 2. Art. $4 B. 
VI.): therefore all ſhips, failing within theſe limits, ſhould allow a 
courſe each day for this current. | 


10 reckoning are little better than gueſs - work, as it cannot be known with 


them here, as they may ſometimes he uſeful. 


vol, II, 2 6 . bod. 


has ſteered . as directed by the compals, and of the diſtance ſhe has run, 


Although ſome of the methods recommended for correQting a ſea, 


certainty whetherthe ſhip is to the eaſtward or weſtward of the point in 
which the reckoning places her; yet it was judged proper to introduce | 
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Ir 7 | x. * 2 85 7 x 
Methods of Curretting the Reckoning of Longitude. 
CIT NBD SLE TTL 0 
79. Mero l. When the error is ſuppoſed to happen from a current, 


* * * E6nfider_whether the difference may have. not been ogeaſioned by » 
' Current, and, if ie is poſſible, try it {by article, 47, Book VII.); or make 
_ fuch an eſtimate of its ſetting and drift, as may be judged; reaſonable. 
Then with the ſetting and drift, as a courſe and diſtance, find the 
. difference of latitude and departure, with which, increaſe or diminiſh the 
dead reckoning z and if the latitude, thus corrected, agrees, with the la- 
ſ titude by obſervation, the departure thus corretted may be ſafely taken 
© as: true, and fo the ſhip's place determined, with regard to lon- 
oY Exam. I. Fu poſe a ſhip in 24 hours finds d Ber dead rechoni 5 ſhe ha; 
nude 96 miles wo lat, N., and 38 Lia F departure ue; but by ab- 
' fervation, findi her difference off latitude is 112, and on trial finds a current, 
which in 24, hours makes 16 mites of diff. lat. N, and 10 miles of depart. E.: 
. what is the Pips departure? | | 
Diff. lat, by account 9m. N. Departute by account 38 m. W. 
Diff. tat. by cutrent 16m. N, | Departure by current 10 m. E. 
True diff. lat. 112 m. N. True depa ture 238 m. W. 
Here the dead reckoning cor rected by the current gives the difference 
of latitude 112 miles, which is the fame as found by obſervation ; there- 
fore the departure. 28 is taken as the true one. CL BN 


*'1 Exam. II. Ye/terday noon we were in latitude 36 15'N., and hiv: 
feiled:theſe 24. hours, 1/1t- SE. IE. 55 m. 2d. NE. by N. 20 m. 34. WS. | 
70 m. :4th.'S. hy M. FW. 20 m., and all the time in à current ſetting gi 
SSM. zi. q n, an hour : By an abſervation this day at noon, 'we were in la- 8. 
titudæ 3458 N. e required the true departure the ſhip has made. 


EET TITTY [7 T7} | Departed lat. 360 1% N. 4 
: Courlcs. bil. N. V | S. E. V. | Preſent lat. 34 65 N. 


26 NE. b. N. 120 I , 


% 


. Diff - latitude 1 175770 
D'S 27 „ Þ eee ho 25999; 

s. 70 26,8] 64,7 Here che cutrent being taken 
Js b, W. :, 20 19,1 5,8 into, the account, produces 


— mn 333 
« * 4 = 
{ f 5 
* U 
* 


i VS ; "IE 5 q 1 92 

ä S887. W. 15 12,8] 77 diff. lat. by. dead reckoning f 

F [54.6 4:7 OP hat found bp Re BN 
28 2 tte R 1 3.0 53-017 0,2 ation; and therefore the de- 
0 4 1. OY ow | — i — woo arture by the dead reckoning 

ther tons > 4 192108 1,-7.0 dep. 4.6 Bar? | 

Ctr 8 FELLA is taken as the true departur . 

pf i144 * 2 8 FEY *} Th 4 go. Ms⸗ T3 

> A 36% mi 
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bo. MeTHoD II. When the error is thought to rg from the courſes and 
$ A ſances. 


If the difference of latitude is much more than the parture, or the 
direct courſe has been within three points of the metidian; it is rp 
likely the error is in the diſtance. 

And if the departure is much greater than the difference of latitude, 
or the direct eourſe is within three paints of the parallel, or more than 
five points from the meridian, the error may be aſetibed to the toutſe. 

But if the courſes are in general near the middle of the quadiant, the 
error may be either in the courſe,” or in the diftance; or in bot. 

For, to cauſe an alteration in the difference of latitude, the firſt of theſe 
caſes requires a greater error in the courſe. than can well be ſuppoſed to 
bave been committed 3 in the fecond: caſe, the diſtance mult. be {o faulty 
as would ſcarce eſcape obſervation; and inthe laſt, it is oſten doubtful 
whether to attribute the error to the courſe or diſtance but it is uſually 
cotrected i in boch. | 


81. ni 8 *. a 
When, by tbe trad reckoningy the diff. lat. is mare than once = 4 + half whe 
departure: Or, which is the ſame, tollen the conn ſe is leſs tha three points. 
RvuLE. Jo the diff. lat. and the departure by account, find the courſe. 
With this courſe, and the meridional iff, lat. by 3 find 
the diſk. of long. 
Ex Au. Ye/terday noon we were Fa " 39? 16 N., and "uh an er putin, 
are this day non in lat. 37 48'N. 3 aur dead reckoning gives 1 16 miles of 
ulli, and 64 miles of eaſting : required the Hip true fro of long. | 


* 


By the TRAVERSE Taper. 


8 — diff. Hat: 1165 and the e r 645 gives the courſe. 29 dos 


The o_ 20 degrees, and the meridivapt diff lat. by Aen. 115 
gives the diff. long.“ 64. 


| he oO WORD RT era ib. 
It hen by ihe dead reckonj ngs, the def arture is more than once and « a hat, 7 the 


Mute of # lalitude : or, the. 40 is mort than Pre poinths .. 

RuLE, With the Gif. lat de and departure by account, find the 
diſtance, 

ith this diſta avd the diff. lat. by obſery. find the true depart. 
Mig! Wees pal laticuge anc | true de NY find the diff,  bogitude. 


8 Y: 7 noon we were in latitude 439 *. N., and were to day 
t wn in latitude 508 N.; our dead richaniag eus we-have made 68 
males bf northirig and 112 miles of ener e the = ference \ 
longitude the Pip" has mac. (ES N | 


„ e Travan „ ie n . IN 
The ai ny 68 atid'departure 112 giyes 132 for the ym 

The diſt 1 , aff diff. lat. by obſery. 86. gives the true depart. 
The dt eule 40 255 and the true en 9bo5o gives. 15 


niles for difivtence of len gitade. . = ofa 
b - 2 83. 2. E 
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83 A Xa or rd. os 1 | 
When the * ferme, of latitude and departure by account is 9 — 
the direct courſe has been between three and five points of the meridian. 12 


Rur. Ton tbe diff, latitude and departure by acequnt find the 


diſtance. 0 
W iih his diſt. and diff. lat. by obſervation find another departure. 5 
Take the half ſum of the two departures for the true one. 
With the true departure | and diff. of lat. by obſervat. find the true 
courſe. 
Wich the true courſe and meridional diff. of lat. by obſervation find 
the diff. of long. 


' Exam: The laft 24 hours we 8 * 84 ing 7 W . 76 of 


eafliny ; rt 22 . a noqn in latitude 52% 40 N, and are this nom in 
latitude 54" 17 a rr difference of longitude has the ſhip made 5 


BS the TRAVERSE TASIS. | 
To the diff. latitude 84 and departure 76, the diſtance is 113 miles. 
With the diſt. 113, and diff. lat. by obſerv. 102, find a departure 477: 
© The ſam of the two departores 76 and 47,7 is 1247, its half is wy 
With dep. 61,8, and diff. of lat. by obſerv. 102 bad: the courſe 319, 
With this courſe and 17106 the en _ of lat. Tad "03 the if 
long. 


84. Dr. Halley having collected a great multitude of PR WE 
made on the vatiation of the ncedle in many parts of the world, was 
enabled by the help of the latitudes and longitudes of the places of thoſe 
obſervations to draw certain lines on a Mercator's chart, ſhewing the 
variation of the compaſs in all the places over which they paſſed, in the 
- year 1700, the time he publiſhed the firſt chart of this kind, called the 

the Variation Chart. Conſequently, the longitude of any of thoſe 


places could be found by the chart, having its latitude aud the variation 


of the needle in that place given, | 
55. MeTrop III. To find the * at ſea 5 the variation chart. 
Find the variation of the compaſs: for which ſee article 28. 


Draw a parallel of lat. on the c — through the lat. found by obſerv. 
And the point where it cuts the curved line, which is marked with 
the variation that was obſerved, will be the ſhip's place. 5 


Fax 4 Ji fonds by a gud dervotion, that ſhe is in the latitude, 7 
18 200 N.; and hes the variation Us the compaſs is 45 ys e. the 
Hips pla. 

Lay a ruler over e N. paralle to the equator, * the point 
where its edge cuts the curve of 45 weſt variation, gives the ſhip's A 
which will be found in about longitude 279 100 weſt from London. 

86. This method is attended with two inconveniencies. 

Firſt, That wherever the variation lines run eaſt or weſt, or nearly 


* - * fo, this way of finding the: longitude becomes imperſect. But this im- 


perfection is at preſent found chiefly on the weſt coaſts of Europe be- 
teen che latitudes of 459 and 339; on the eaſtern ſhores of - hp 


” S drop? and in ſome parts of the weltern ocean and Hudſon's bay; 


theres 
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therefore, for the other parts of the world, a variation chart - may be » 
R effeemed of great uſe. 
$7: But the variation curves, even where» they run. eaſt; e 
may be ſometimes applied to good uſe in correcting che latitude; ben: 
meridian obſervations cannot be had, as it frequently happens on the 
northern coafts of America, in the Weſtern ocean, and about Newfound- 
land. For if the variation can be obtained exactly, the eaſt and weſt: 
curye anſwering to that variation on the chart will ſhew the fatitude: - - 
Secondly. As the deffection of the magnetical meridian from the true 
1 one is ſubject to continual alteration, a chart to which the variation 
| lines Far uited for any year, muſt in time become uſeleſs, unleſs new: 
lines, chewing the ſtate of the variation at that time, be drawn on that 
f chart. But as the change in the variation is very flow, if new vatiation 
chatts, were. publiſhed ever y ſeven or eight rem; it would rt anſwer 
the rpoſe wanted.' - 
/Nctwirhſtandiog the great uſe which Dr. Halley's Variation Chart 
orded to moſt mariners, yet it has been almoſt uſeleſs, for want of 
public encoutragement to renew it from time to time. However, ia 
: the 'year 1746, Mr. William Mountaine, F. R. S. and Mr. James 
Dodfon, pu liſhed a new Variation Chart, fitted for that year, which 
was well received; and ſeveral inſtances of its great utility having been 
commutlicated to them, they drew the Variation lines again for the 
| year 1756, and the year fllowing publiſhed the third Variation Chart. 
8 They Ile preſented to the Royal Society a curious paper concerning 


8 the Vaio of the maguetic needle; with a ſet of tables annex ed, con, 
e aining the reſult of upwards of fiſty tliouſand obſervations, in ſix pe- 
e tiodical reviews, from the year 1700 to 1756, incluſive, and adapted to 

e erefy five degrees of latitude and longitude, in the more frequented 

e oceans: which paper and tables were ach in as en 'Tranf- ' 

le actions for the year 1757. 

1 The engraving of new plates on every publication of tach charts. i is a 


charge too great for private perſons to incut; and ſhould, like the 
nautical almanack. be done at the expence of the public ; eſpecially as 
the uſe of i it is fo * and fo" 2 1 the n . time 1 
mariners in general. | 


* ö A * x 


„. Maron Iv, 75 ford, the longitude 55 the help of « a poſe fc 


if This method i is a mechanical Glution of EG, following problem. 


he The time in any ban lars, relative io the meridian of that place, being 
given, 40 find what 7 clock it is, at that inſtant, wader the meridian of ſome 
hun place ; ſuppoſe London, or Greenwich. gh 


If a clock or watch were ſo contrived, as ta go uniformly i in all ſea- 
ons and in all places; ſuch a watch, \ being) re ated, to London or 
ly Greenwich time, would ſhew always th 9 time of the day at London or 
2 Greenwich: then the time of the day, under my other meridian being 
. found, the * between that time and the London or Green- 
th nich time correſ; — 2 to it, would, give the difference of longitude.” 


Vs 90. That very excellent artiſt, 2 3 oby Harriſon, after more = | 
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thirty years cloſe attention to this ſubjeR, bas diſcovered many curious 


inventions to remove the irregularities to which all watch and clock- 


work were liable, that were-coriiructed by the comman, methods. His 
inventions are ſo extraordinarys; and ſeem fo well adapted to remove 


the ĩmperſections of clocks; that the commiſſioners for the longitude 


granted him ſome conſiderable gratuities to enable him to ring his no- 


tions to the deſired perfection. Experiments of his watch were made in 
the latter end of the ear 2761, and inthe beginning of the year 1762, 
between Portſmouth and Jamaica; and although the reſult did not fully 
come up ty the wiſhes of che public, yet it. proved ſufficient to induce 
the cam ners to enable Mr. Harriſon to make a. ſecpnd trial,. be- 
tween Portfmovth aud Barbadoes ; which ſucceeded: ſo well,, that the 
commiſſioners of longitude ordered him the ſum of 10,909, pounds, 
upon his diſcloſing che mechaniſm of his WATCH, to a number. of pro- 
per perſons appointed to receive his communications; which, bare 
ſinee been publiſhed; atid watches of a ſimilar gonſttuction have been 
made by other artiſts which. have ſucceeded equally with that, which 
had been made by the inventor, himſelf,, Mr. Harriſon has even im- 
proved his former works; and it is probable; that ſuch watches. may 
hereaſter become more common, and be afforded for leſs thah 100 l. oc 
a ſouꝛth part of their preſent value. 
Bat to whatever llegrer of perſechion ſuch a movement may be 
brought, yet as erery mechanic inſtrument muſt. be liable to be inſured 
by various gocicdents, it is certainly to he wiſhed, that aſtronomical me- 
thods could be alſo ſa far improved, that the marine artiſt might be en · 
abled to: find his longitude from time to tim with eden exactneſs 
by celeftiakdbferyations. Oro 7551 Me 10 RET. 741 1. 
91. Varidus aſtronbmical methods have been propoſed for finding the 
longitude at ſea, fome: of which will hereafter be mentioned. 


: - 


I heſe methods chiefly depend on having an Epbemeris, or Almanack 


adapted to aht meridian of ſome known place, ſuppoſe Greenwich, for 


which the Nautical Almanack is fitted; which. Ephemeris ſhall contain 
the Sun's" place: right aſcenſion, declination, the times of the planets 
paſſing the meridian; as alſo the xiſing and ſevings 3h times of the 
eclipſes of the Sun and Moon, together with thoſe of fer fatel- 
, lites; the diſtances of the Moo from the Sun and ſome zodiacal * at 
certain times, for every day in the year; and in general, the times when 
any ORG Nef le cores Fete: 8 
which the Ephemeris is calculated. Then, as theſe celeſtial appearances 
are ſee iearly. at the fame inflint of abſolute ume from all parts of the 
Earth where they. are viſible 


z,by knowin h relative times of the day, 

$ "4 -<+- 4 1 3.1 . ZZ 2d.6h bo N 8 7 S021» © 
when fuch appeatances are {en in two mt e the ditches of 
thoſe times is known, and conleguently the dil ferenice df lbdgituide be- - 


— 


tween thoſe places. 


92. I. e Mernon V. By the Sun's Hecliaatin. w Jul en 


> 


By Toma of the means che eil in Bock V., between the articles 185 
** A r ther fneams, let obſeryatibis uf che Sun be taken, 


f rey e may be compute dt choſe times. 
Take the difference h ; 
— 5 b 4 vs day at Lofd8n, #s'ſhewn'by tie Rphemeris; (from 
ke "the daily rence ol declihation at that ume, and 5 
Wo, : | „ 1255 ; U 


ppearatees may de Nen at che place for 


A computed” decliastion, and that for 


apa. hand. 3 | 
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4s the dai difference of declination is to the above-found difference 3 his 
360. degrees ta the difference « of. longitude. 


Exam. Suppoſe from certain obſervations mode on the TW 40 April 1564, 
the Surf's declination fhotld 1 be foung t to be 149. 10 4 ebe e 
of ibe place of obſer vation. 


TY 


bi Ae e ond is 115": 

\ On Ap 19th 575 10 12 7777755 _ Jena 15 200 39 

g The digrregge between 119 10 4% and 412 526% is 4 98% 

Then 2039; 438%: 360; 80? O46, the diff. of long. eaſt of London. 

R Becauſed the obſerved declination was greater than that at London. 

8 Had it been leſs, the difference of longitude would have been weſtward; 

i Here a ſmall e error in the declination computed will make a very con- 

A ſiderable error in the difference of Jongitude; aud; the method den f 

L inſcreed' as a caution to beginners. \ 7 

n 5. ES IR © METHop VI. 5 the Moon's Midi: 1 

h Seek in; the Ephemeris for the time of her coming to the me ou 

* &s given day, and on theday following, and take their difference z alſo 

* take the difference between the times of culminating on the- ame day. 

1 as found in the Ephemeris, and as obſeryed ; and ſay, 

A As ſte 4aily,differente wi the I phemeris is to the dif Fer ence betrwepn ihe 22 

3 meris and obſervation. ſo is 300 degrees to the difference of longit ae. TT 

2 N A. e whole difference ariles in a day, or by the running bro opgh 

& 91 0 . e any part of that difference will require a er Tr onal 

1 k Ee degrees z upon the ſuppoſition of the Moon 's motion 1 
7; form, e 2s 24 hours, which it is not. 6 

the EXAM, Suppoſe et ſea, tbe Moon's cemter wits obſerve d to 95 5 5 Meri- 


5 on e newn oo at 57 minutes Nur one in "the morning x Te e 

1 ongit 

ack In 15 em Kamen 4 find the Moon's center paſſts the median an of 

for London on that day at 1h, and the next day at 2h. 31m. ; the 

A" Wh dif. is 44:5 an the cine oper is 10m. aten than at London, 18 
Then," as am. : Ion, .: $49-49% Which eus wer the 

2 place i is 819 49” to the welt Py Fa Ng dan 11 50 

5 1 Here alfo, 2 ſmall error in the time ot the Moon's euleni wal 

* produce a great error in the difference of longitude; and tulp i is 1 den- 

tioned on the fame account as the facmer method was. 298) * 


nces 94 0 Maruon VII. By 1 the fe % Pupiter” s ſalelit,. WY: 5 am; | 


On me preceding day the evening on vchich it is — obſerye 
the eclipſe, ſeek the time i will bappen at London, in the Nenücal ab 


manack 


Let. ene la sche detween T.ondon and thep ht 
. (known by the dead reckoning? at ſea, or by-the not 


3 


be turned; into time: and-if-eafiward, be added to the Londpn, ima of 
the. eelipſs, but ſubtracted, if weſtward; and it Will ge thg. time 
nearly —.— the eclipſe ia to be looked for in n that. plage. at. it Wil be 
as to begin ro ohlerxe 20 or 30 — 2 ; ſooner ; ? ad] ler the, infant 

when, the, eclipſe begins or ends be noted, 'as fhewn by 100 viquſly 
ate ta. the time at * 3 { 50 bY t — 


between 


7 a / E 
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between this time and the London time, converted into degrees, will 
ſhew the difference of longitude ; and if the London time be lefs than 
the obſerved time, the diff. of longitude is eaſt; otherwiſe-it is weſt. 
25. The beginning of theſe eclipſes, called immerſiont, generally. hap- 
pen on the weſt * ſide of Jupiter; and the endings, called emer/ians, to 
the eaſt ward of the planet; and both happen at a very ſmall. diſtance 
from the planet,  ſeldon'exceeding its halt diameter. 
Tue beſt obſervations for finding the difference of longitude, are 
thoſe made on the firſt ſatellite, or that which moves neareſt to Jupiter; 
hut it ſtiould be obſerved, that its emerfions are not viſible: from the 
time of Jupiter's conjunction with the Sun, to the time of his oppoſition; 


and the immerſions ate not viſible from the time df rhe planet's oppoſi- 


tion to the Sun, to the time of its conjunEtion, o. 
Ex. Suppoſe bythe Aimanact for 177 3, an immerſion of Jupiters finſt 
tellite is — London on — 2225 at 135. 2255 | of Je, pou 
my dead reckoning, in langitude 7 adeg. to the weft of London ; I obſerved on 
the ſame day the immerſion at 8h. 40m, 45 /.: required the differince f 
non? r eee 
Tbe difference between 13h. 23m. 15. and 8h. 40m. 45 f., is 4h. 
| 42 m. 3ol. = "BA 132 f e e eee e DIED, 
And 4h. 42m. 30ſ. is equal to 709 327 for the diff. of log. weſtward, 
06. The eclipſes of Jupiter's ſatellites may be well obſerved by one 
of Dollond's new achromatic teleſcopes, of three feet in Nagl. or 
by a refleQting teleſcope of about 18 or 24 inches focal length. As theſe 
eclipſes happen almoſt,daily, they prove the moſt ready means of deter- 
mining the longitudes of places at land, and by them the tongitudes' of 
ſea-coaſts may be better aſcertained than they ate at preſent ; and when- 
ever Jupiter is to be ſeen, they might be applied at ſea; even oftner than 
they would be wanted, could they be obſerved with ſufficient accuracy 
nn ot 16 mart 9 
97+ „ „% MzTAHOD VIII. By Eclipfes of the Mon. 
This is performed much in the fate manner as by the laſt method. 
For if in two or more diſtant places, where an eeſipſe of the Moon is 
viſible, the times of the beginning or ending are carefully obſerved, as 
alſo che times when any number of digits was eclipſed; or when the 
Earth's: ſhadow. begins to touch, or to leave any remarkable ſpot on the 
Moon's face; then will the difference of the times, when the obſerva- 
* 4 * 8 * give ts oer, of longitude between 
the places of obſervation. But theſe eclipſes ha ſeldom to de- 
— — general uſe from them. e ee | 


98. METHoD IX. By an Occultation of a fixed flar by the Moon. 
An occultation of a fixed ſtar by the Moon is, when # ſtar, lying in the 
line of che Moon's motion, 38. eclipſed by that plane. 
' The method of, computing the difference of longitude between Lon- 
don, and à place where the time of the occultation is obſerved, is ſhewn 
in'Halley's Aſtronomical Tables: and the method of delineating ſuch an 
occukation is ſhewn in De la Caille's Elements of Aſtronomy. 


Bes the fnethod of finding the difference of longitude by an occultz 
don is father too intricate and tedious to become of general uſe at _ 
. 1 


7 * 
be *4 5 31273 i. 
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90. The great Dr. Halley, and after him the Abbẽ de la Caille, and 


others, have reckoned. the beſt aſtronomical, method for finding the lon- 


zitude at ſea to be, when the diſtance of the Moon from the Sun, or 
from a ſtar is uſed: for the Moon's daily mean motion being about 13 
degrees, her hourly mean motion is about half a degree, or 1 min. of a 
degree in two minutes of time; and ſo an error of one minute of a de- 
Tree in poſition will produce an error of two, minutes in time, or half a. 
— 53 in longitude. And if by obſervation it is determined, what part 
of her daily motion the Moon has run through duriag the interval be- 
tween a certain point of time under a known meridian, and the inſtant. 
of time when the obſervations ace made on her under an unknown me- 
cidiang then her daily motion at that time will have to the part thereof 
determined by obſervation. the ſame ratio, which 24 hours have to the 
interval of time taken to deſcribe that are. NN 


100. M. de la Caille, in the proſecution of his method, directs a 
number of obſervations to be made one after another, in which the in- 
terval of time is to be diligently noted: and pbſeryes, that many errors 
will be apt to ariſe here from the inſtrument, the obſervations, and the 
calculations; Which muſt jointly affect the longitude deduced ; fo that 
tbe moſt experienced artiſt ought not, in general, to expect om a ſingle 
ſet of obſervations to find his longitude nearer than to two or three de- 
grees of the truth. He therefore propoſes, that each ſet of obſervations 
ſhould be taken by two or more obſervers at the fame time; by which, 
from a mean taken between them the longitude may probably be found 
within a degree and a half ; although it may happen, that by an ex- 
traordinary degree of diligence and ſkill, and by a lucky compenſation 
of errors, a reſult within a degree of the truth may be obtained. But 
the Rev. Dr. Maſkelyne, the Aſtronomer Royal, who has bad great 
experience in this matter, recommends the ſet of obſervations to be di- 
rided among different perſons, each obſerving at the ſame time his re- 
ſpective patt, and the computations: to be made either from a good 
Lphemeris, or from the beſt Lunar tables, in which caſe the reſult may 
in general determine the longitude at ſea within a degree of the truth. 


: e 5613.4 < ISP, v | TELE Ss 

10t. Since Sir Iſaac Newton's diſcovery of the true cauſe of the in- 
equalities in the-Moon's motion, which had from the earlieſt times per- 
plexed aſtronomers, attempts have been made to form juſter tables of ber 
motion than before were poſſible to be effected; and here the late proſeſſor 
Mayer of Gotte agen has ſucceeded ſo well, and his tables come ſo near 
to the truth in every part of the Moon's orbit; that they may be conſided 
in for determining the longitude of a ſhip at ſea, whenever the Moon 
is to be ſeen, within a degree at moſt; which has been proved by a com- 
pariſon of the Tables with the obſervations made at Greenwich obſerva= 
pry by the late Dr. Bradley and by the preſent Aſtronomer Royal. 


Prepare- 
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| © Preparatives for fading che longitude by an obſerved diſtance of th 
Moen ſtom the Sun or a ſtar. x 


10 Fir. V. 'obſtrve deere, aue u... ol « bo 
wp pn x ep * 3 any 


„ 10 niet 1.70 2>1ſoiArkbnieoks Mren-and the Sun. 


urn down one of the ſkreens, tid hold the May "x pe en 6; 
chat plane ſhall pay" through the Sun and Moon: look at the Moon 
throug the tranffarent pa rt'of the horizon glaſs; and keeping her there, 
geritly move the mark Ur the Sun's i image is brought into the ſilveted 
part of that glafs: dring the neareſt limbs of both objects into contact, 
and let the qudrant libfate à Hrtle onthe lunar ra „by which means the 
Sun will appear to rife" and fall by the fide of . e Moon; and in this 
motion the neareſt limbs are to be made to touch one another exaQtly, 
by moving the index ; when this is effected, the obfervation is com. 
Aae and the de Port f cut "A the. N20 ſcale will oy their, angular 

nee. | 


reg. # if 1 # * un. Dads the Men bl fr! 


It the Moon. is very bright, turn down the lighteſt ** and direc 
the plane of the quagrant through bath Objects: look at the ſtar, as in a 
fore oblervation, through the clear part of the horizon glais; keep it 
| and, by moning tbe inder, bring the Maon'; , image into the 
red part af 2 glaſs ; let the —— gent ly librate about the 
2 8 ray. and;the Maon will appear to riſe and fall 120 ſtar ; between 
the librations move the index till the Moon's enliglitened limb is touched 
hy the —— Bars. a8 by a. dangent, 8 n Ve is 
h en o S „ det 
* 1 e kmb of the Movn is = to be brought i inte 
eontaft wich: the Sun or ſtar, eren througb the Moon's image is made 
te paſs beyond the Sup or ſtar beſore the detired contact can be obtained. 
BDeturen the new and ſull moon me enlightenedthmb is turned to- 
wards the welt ; and duriag the time from the full to'the new Moon the 
enlightened limb is turned to the eaſt. 
he obſerved dittance of the neareſt limbs of the objecis is to be in: 
ereaſed by the ſum of their ſemj-diameters:' but hen the contact is 
obſcroed of their fartheſt limbs, by bringing one over the other, then 
ia ubſer ved diſtance is to be leſlened dy * 5 of their ſem idiametet. 
Phe ſlats have no apparent ſemidiameters; but chat of the Sun and 
Moor wil be found in the een Almanack for apy given month 
— When che face of the deen is held upwards, the motion 
ofthe inder ſor arch brings the right. hond object, by reflection, into 
contact with. che deſt· hand one ſeen ditectly: and when its face is held 
downwards, the like motion of the index brings the Jeſt-hand objech 
by reflection, into contact with the right-hand one ſeen directly. 
Therefore in north lat. the quadrant is to be uſed with its face 
| upwards, when the object to be ſeen by —— is to the right- 


hand. 


— 
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wa hand, or weſtward, of that ſeen. directly, But when the object to be 
Wa rein he.co the ofefoard ot thay 10 be, ſeen by RetiaN, Yip. 
. quadrant is to be uſed with its face downwards, 
166; A?eadintfs in the uſe of the quitfearit both ways is tö be atthined' 
bf practice only; which the learner ory fake famffiar to krittiſelf by 
#6, oblerving the pofition'sf land objects; ànd to attain an accuracy in ob- 
oon ſervations let him ſelect 6, 8, 10, or more objects lying around his 


Ny, nier's ſcale are well divided, the 9 5 of an ate may be read to thirds 


om. or quarters of a minute, with the aſſiſtance of a magnitying glaſs. 
ular 8 TDs ©, 
: 107. Secondly. To correct the apparent angular diſtance: obſerved between 
the Moon and any other caleftial ol jet: er to reduce the diſiance, obſerved 
at the ſurſace, to what it would appear F obſerved From the center of the 
red earth, 


A It was thewn in b66k V. art. 66, | that the apparent place, in which 
Pi he gen is ſeen in the heayens frgm, the ſurface of the earth, is ge- 
the WH ally, not her true place on actount of the parallax,; {6 that her ap. 
the patent place ſhould he corrected, ag Well for the efror of parallax as for 
deen Wl that of refraction: the ſame ma be obferved of the fun; but the pa- 
chen rallax, of the ſtars is too {mall to affect their places ſenfibly, and therefore 
ande refraction onty is to be applied to them. Becauſe the apparent 
a places of celeſtial objects want cortection. their apparent diſtanee does 
alfo ſtand in need of being corrected, eſpecially where the Moon is 
inte concerned; how to do this is ew in the following precepfts. 
made Iſt, In the triangle formed by the obſerved, diſtance of the objects 


nd their zenith diſtances, find the angles at each object comprehended 
N between the obſerved diſtance and reſpective vertical, or azimuth circle. 


(IV. 154) 


v4 14 
—U— — 


e in: 2d. By the Almanack find the Moon's horizontal parallax at the time 
ct is WI of obſervation, reduced to the meridian of the Almanack. / 
then 3d. Say, as radius is to the corſine of the Moon's altitude; 
eters, ©* $0 is the horizontal patallax, tothe parallax ip altitude. 
n ant WY Diminich the parallax in alt. dy the rkffaction on the Moon'saltitude. 
dont 4th., Say, as radius is. to the co-firie of the aid angle at the Moon; 

* o is the diminiſhed afalla,! to one error in diltimee..; - 
8 Which is to be ſubtracted, if the angle at the Moon is acute; otherwiſe 
del 10s en dar ed feof es ES 

513 $9 30 aff; UII S111, & 1.47 OE if we &- > #4 + ©} 13g 4 

died Sb gg k a8 rad-is to e col. of the {aid angle at the Sun, or ſtar, 
| So 1s the refraction on its zenith diſtance, to an-exrar in diſt. 
; face hich is to be added, when the angle at the Sun or ſtar is acute, other- 
richt: Vie this error is to bo ſubtracted. 
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Ex Au. I. Suppaſe on the 6th of Aug 1 17 2, in 4 plac⸗ S e 
the weft of 12255 5B. 1 77 37 watch b, the Pha? T4 s 


neareſt limbs of the Sun and F pd 171 5 7 bferved to be 68® 10 24% 4 


the lime ibe altitude of the Sun's lower limb is 31” 44 12", and the oliitud: 
the Moon's lower limb is 23% 44 12 the height of the eye abave the water 
being, allowed for; & 0 what * 4 * the tnue d. 2 oe the ON? of the 


1 IE : 
-#: . 5 4 21101. 


the Ace! the. ether of the Sun inc Moon at mY 


time will-be found to be 1 15 48%. Hence the apparent Altitude 


of the Sun's center is 325, of the >Moon's renter is 24% , and the ap 
nt diſtance of the centers is 68® 42. 
Alſo 90 W. is 6h. 24 m. to which 5h. 36 m. being added give 12h. 
P. M. af London; and the Moon's horizontal 5 at the given 3 
don time is 587397 . 


- Given the Sun's zenith diſtance SB , 6 
| - -- the Moon's zenith diſtance = 66 8 
wo 155532 *SheUlltance of their enters 68 ffn 


Reqwred 4 of Poſition at the, ). | Required the C of þ pehition at! the © | 


689 42 
66 ᷣ ay. "£5,68* C42, 0,03073k8 8 17,68%“ 0,03<77 
Z 7 py” 16 Op 0,03927|60 0. DI: -: > 15.58 o . 07158 
I ta 11. 30 21 9.70353ʃu0 42 15, 3 38 21 979272 
60 42 30 * 157 39 1 9.56658 76 42 38921” 27 39 15 9,66058 


5 18. 27:39 19411 L 13 27. do lei 19.550101 


b 1 
1 20 Nes ; 15137. 8 978050 
2 at + the Mogn = 63 19 -at - {the 3 10 1 
A Rad. vin | 10 oh 1 : 
1 To , d 's alt. 5. 9.9607 
S8io horizon. paral. 5 1.75827 
e Jo perl. in ale. A 4 1,7 2900 
S107 H za -x:.: £1 Dedafts refration-- 3 2 | $ 547 6x34) by 
* enn 10 7; $4428. ; 2% + Yo 
As Rad. erke | | 10, Oo | As Rad. On Io, ooc oo 


To # 4 at, Þ. 6319, 965230 To l, 4 at's" 3416“ 9.43325 
So error in Alt. 51, 2 28 1.2829. So error in refr. = 158 0 15527 
To erer ie din. 237 03 N To error in diſt-. . 7758850 
Which 1 is ſubtraRive. | Which. is additive, : 


"Now 2 — 545 2220 42 Subtradiive. 

Then 6842“ —0®22 2 2208 19/ 28“ Which is the true diſtance of the 
centers of the Sun and 
the Earth's center, — ze zb as. 


x 4 7 


C- 3113: 2$ 131 7 109918 50 0 


: e Iva 


Workingby an 154 B. Teh $8242" Working by art. 154 B. hs 


at ths) time of obſervation, i as 3 would be ſeen at 


2 Ip 
* RY 


| a2 - 


© So 


SS «a 1 


coco 
323 
527 


the 
nat 


AM, 
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Ex AM. II. Suppo ein the ear. 1762, in latitude 32 127 N., and hngi- 
tude 38 30 W. of Greenwich by account ou May gth, at 12h." 34m. 19f. the 


appar ent; diſtance of the Ve, Spica Virginis from the Moon's center was ob- 


ſerved to be 510 28” 35”, and at the ſame time, the apparent altitude of Re- 


uli was 24 48, and that of the Moon's center was 129 300 required 
the true diflance of the ſtar from the Moon's center. 1817 5: 
99255 Fat Work. 


$19 20 o, 10656 Fi gag 3 A ” 0,10656 
65 12 5 o, 4 11 + 79. 30 LAS FIT! 710 050042 
15 I +» 26 1 
el 4 „ 65 12 
91 130485 365“ 9.8664 91 13 4536 9,8840f 
d 47131 537 9.72289 39 11] 19 352 9,2545 
19.7255 . % - $630) | oy 19, 49647 
46 48% „ 9867 V 
49 37, 8.79 120 30 9.98958 J, 68 7 9,7738 
123“ 2,08990 | 56",25 1,75012 S 50% 2 1, 70818 
7%%76 o, 88980 | 54.92 1,73970 | 18' 54” 1,27656 | 
„ 20 a O 74 5 fx .Y 
50,72 


19 014 
App. diſt. 51 28 335 
| True diſt. 51 

The precepts by which theſe examples are worked are derived from 
principles ſhewn in the Appendix; but the operations may be ſome- 
what ſhortened thus. | | 

In a triangle with the three ſides, viz, the two apparent zenith diſ- 
ix the apparent diſtance of the centers, find the difference of 
azimuth, 3 

With this difference of azimuth, and the corrected zenith diſtances 
find the true diſtance of the centers. 

This work may be done very compendiouſly by the following pre- 
cepts, from Book IV. Art. 253, 255. | 


108. A compendiam for finding the true diſiance between the Moon and Sun, 
or Py from 2 rode oabigas diſtance. 1 
707 eee een eee 
iſt. To the Arith. Comp. of the log: fine of half the. apparent di- 
ſtance, add the log. ſine of half the diff. of the apparent alti- 
tudes ; the ſum is the log. ſine of a firſt are. 5 7 
« 2d. To the log. ſine of half the apparent diſtance, add the log. co- 
line of the firſt are, reject radius, and the ſum is the log ſine 
of fond 26. „% ??]? ß 
3d. Add together twice the log. ſine of the ſecond arc, and the 
Arith. Complements of the log. co- ines of the two apparent al- 
Aitudes, their ſum is the log. of a third arc. en THY 


4'h, 
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Ach. To 11 ik of the third 1 50 add hel 10g. ' co-ſines of the corre 

: IDS: 5 . of a fou arc. 

, 0 rom balf the 1 op ther Rh arc, 5 the log . fine of half the 
diff of the core Fd altitudes, there femains be log. tangent of 
 W ow arc. 

6th; From half the log. of the 4th arc, take the | log. fine of the 5th 
sda arc, and there remains the log. fine of half the true diſtance. 

© Theſe precepts being expreſſed in the followitig ſhort way may aſſiſt 

memory, and render the operation more eaſy. 


1ſt. 5754 ap. diſt, + L, 5, 4 diff. ap. alts : =L,s, iſt, arc, 
2d. L, & ap. diſt. T L. M iſt are 1, 2d. arc. 
3d. 2L,s, 2d arc +L',s, one ap. alt. + LI, oth. ap. alt. I., 3d. arc. 
Ach. L, 3d. are +L,s, one cor. alt. +L,s, oth. e =L, th. are. 
Sth.· 41, 4th arc. * dHff. cor. alte. =Lytz5th. arc. 
Gth. FL, th are —L,s, 5th arc L,, J cor. diſt, 

Applying theſe precepts to the preceding examples, the work vil 
ſtand in the following order. 


Exan. I. (See page 298) Here are given the apparent altitudes of the cen- 
feri, viz. of the Sun 32%; of the moon 249 ; and their apparent diflan 
689 42'; and the mogn's bortzontal eln 58/ 39” * required the trut 
. diflance. | 


Diſt. = 63942 ; its =34%21' [Alt. © =32® O. O. ie 
Ap. alt. © = 32 fReſr. — = 1 31 Refr.— = 2 7* 
Apialt 24, Cor. alt. ©==31 58 29 Alt. cor. 4 57 53 
Dif, =""T: 4 4iff tay; Cor. alt. 2224 5132 Paral. 8 30+ 
Diff, cor. alts. 7 6 57 Cor. alt.) 24 51 32 
TRE 2 Dif. cor. glts.= 3 33 38.. an 
54. . = 21 O©,2 » 1 4, 14M 
Lat. ap. alts = 3+ o 8 34358 N wh 
Los, Iſt. arc | $,09211| 9,99666 L,s, Ift. ate 


9,748713 Lys, 2d. arc 

9.74813 L,r, 2d. arc 

Tz By 3 9.07158 „, O alt 320 

22 2 1 EDITOR] 4 _0,03927 5 „ P alt. 249 

3 2 4 19750771 4 74 Ae 

A | 9.92854 LED alt. 1 367, 
N ä 222228 U.,, ) cor. alt. 24 517, 

4 e mr” 

2 L,, 4th. arc. 19740797 th. are 


48.0277 1 33 765 

1% gch. m. e 8595397 1 
at — 14 5 4938] . 

Tree diſt. : ,=68 19 19 28 428 12 


a NE 
IT 7 iy V7 54 — 4 A 4. 88. ; & - £6 „0 
ie 5 In, Sad p * 


, * a " 2 - * 7 
+ 4 2ů . 21 Sad, 


* 
An 


The refractionb are taken tom table at f 5g. 
+. The parallax is taken from table art. 56. | 

But the parallax in alt. may deadly I beſoodd by he Cancer ſcale; thas 

The extegt, on the fines, fromaad;;to the co-fine.of the alt. 

um reach on che numbers from he hqr. par. ta the patal. 10 alt. 


IAU. 


a — ha a nw” 


. 


* 

4 

7 

424 
17 


"xa 
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Tee, IL Chen the obſerved Ing of t the Nun fem the Sun go 


L,f, 5th. 8 


Diſt. 


9-9745P 


I 


the Sun's dit. 5% ; the ineon's alt. 300 8 ; and? hers borizontdl kn 
602 of : required the true aijiance. 

Now rad: „, 30% 3 60:17 98.58 par. in alt, by Comer Seals, 
Dil... = 85% c.; its 4=42 37. [© $91. of 077} 26 oh bf 14g 
salt. = 30%0/ | „ 38 
O'valt, = 5 oo. Fo | 4 0 b Eh x 22 
Diff. = a: O00 = hg 9 —— 

128. 14 30 50 20 
; \ 
2 diff. = 12 30 ap. ales: 13 co 7 diff. true alts. 
1 42 30 0,170 1 9582968 ,, 42 30. 
Lys, 12 30 9.33534 
I., 1ſt, arc 9. 8g 9.97648 L,s, 1ft, are 
ö 3 ic 9, 806 Ls, 2d. are 
9. 80616 Ls, 2d. arc 
c,ob247 Ls, 300 o- 
0,00166 Ls, 5 © 
19,07645 L, 3d. arc 
9,99845 L N 1 
4 93385 L,s, 30 y_ 
' 139,60850 L, 4th. arc 
26, 4th. am 19,804.35} 19:80435 fr, 4th. arc 


eiiie ,, 1% © 


10, 45220 L, t, Sch. are. 


7 4 f 


422 q1* 1 | 9.82985 
85 2 39 the true diſt, | 


Exams. HI. Suppaſe the apparent diff. 


of the moon and a fur was 575 28” 


35 3 the flars altitude 24%48/ ; 3 the moon's altitude 128 30" and ber ho- 
rizontal parallax, 50 15” : required the true di ftance- N 


Diſt. 5128 35; ts4=25 44 47211 
Ap. alt. * 24 48 6 33S 
- 40; 0 
Dif. = 72 12 18 

+ ME. = '6 0g oy * alts. 

TY 259 44 74% | 0,36226] 

DI 6 2 c \ 2 

15, Iſt. afc 1 '9,3924 8: 

| ' 

1 

5 

a,, 4th, rtr 29762342 

% Sch. are 5 be 9 09816 

TDi © e ee 


119,300 „ &are 
| 99 810 7, 24 4 


. 42.2 810 1,8. 13 30; 
\ 39»240 4 L, Ach. are * 


* 24 48 0 p 12 30% off 
Fun tt — 442. 
24 48 57 12 25 48 
112248. K. ee 
"428-22" 13 2048 


5 42343=4/91f, true alts. 
9663774 2, 28 44 ane” 


998635 449), at. G60 
"9.62410 1 515 * | 4 
- [9462410 L.A. 2d. arc | 

04202. 1%, 24% 

o, 1042 C, 1a 3 


19402342 31, th. are. A wy 


22274 L515: 4 3% 
9 99816| 20, 266% ,, Sch. are 
Ai 8 


＋ 


31 9 40+ 


. 7 U 


eee 25. 3 the moan's alt. 27* 30, and ber bor. per. 5 J. 
TW A ORC Rn 
Diſt. 2029 30/3 ite 51 i * 15%25, % P 25 30/ o 
Ap. alt. & 15 250 „ 0 % My, no 
RET, 8 l e eee 87.38: x1 
3 R$ ere e 
>. dif. 6 23 ap. alts j I2 57 12 — 28 18 z7 
"$5 25 . 6 28 36 = F diff. trac alts, 

1. N 0,10797 9.89203 LzS, 519 > Wil 
Ls, 6 24 9.02223 er 2 
, iſt. are 09, 130200 9,09601 1,9, ft, are 

| „ I 9. 8804 Ls, 2d. aro 
Te _ | 95838804 Ls, 2d. are 
538 be , 2050 eig een, 350 ac” 
F I | ©,05207 L's, 27 30 


L Diſt. 7:4 # f So] 


4 
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Exau. IV. Let the, apparent diflance of the moon end a ſtar be 1022 30 


19, 84406 L, 3d, arc 
9.94456 LS 282 184 
Le het ty 314 
39,77292 L, 4th. arc 


0 * 


2, 4th. are Sb 19. 8646 19,8866 2 1, 4th. arc 
B. e, „ TO NS SR _ BOe” 
L, I, 5th. _ 3 9.995 910,832; 1,7, 5th. are 


Diſt. 102 11 12 


109. But of all the methods which have yet been thought of for te- 1 
ducing the apparent diſtance of the moon from the fun or a ſtar to the 7 
true, the following one, derived from that invented by Mr. itchrll, 0 
now maſter of the Royal Academy at Portſmouth, and printed in the $1 
Nautical Almanac for 4772, is * beſt adapted to the diſpoſition M 
and capacities of ſeamen in general; as it is very ſhort, requires the 80 
logarithms only to four places of figures beſides the index, which may D; 
always be taken out at ſight without making any proportions, and yet A 
the teſult will be ſufficiently exact. | : 1 0 
. 5 „ ane dee o 
1M. From the fun's refraQtion (55) take his parallax in altitude 0 
(V. 319.) and the remainder will be the correction of the ſun's altitude. T1 
2d. Fake the proportional logarithm of the moon's horizontal paral- 
lax out of the Nautical Almanac, inercaſe its index by 10, and ſub- Te 
tract the log: co · ſine of the hs apparent altitude from the ſum : the 
remainder will be the proportional log. of her parallax in altitude; from 
which takd the moon's refraftion (55) and there will remain the cor- . 
rection of Her altitude. 
3d. Add the ſun's apparent altitude to the moon's and take half the 
ſum : ſaubtraft the leſs from the greater, and take half the difference. 
Add together the co tangent of the half ſum, the tangem of the half 
difference, and the co-tangent-of half the obſerved diſtance : the ſum, 
rejecting 20 ſrom the index, is the log. tangent of an are A, 1 
Ath. When the ſunꝰs altitude is greater than the moon's take the dif Fa 
ference between A and half the apparent diſtance ; but if the moon's the 
altitude be greateſt, take their ſym z and to the co- tangent of this ſum WI oog 
or difference, add the co-tangenvof the ſun's apparent altitude, and thc \ 
| " * = Proportional 


de- 
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the 
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J yet 
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proportional log of the correction of the ſun's altitude; their ſum, when 
20 is rejected fro 


5th. If the diff. of arch a, and half the apparent diſtance was taken 
in the preceding article, take now their ſum ; but if their ſum was then 


taken, take now their difference, and to the log. co-tangent of this ſum or 


difference, add the log co-tangent of the moon's apparent altitude, and the 
proportional log. of the correction of the moon's altitude: the ſum, reject- 
ing 20 from the index, is the proportional log. of the ſecond correction. 
6th. If the arc A be leſs than half the apparent diſtance, the firſt 
correction muſt always be added to, and the ſecond ſubtracted from the 
apparent diſtance, But when the arch 4 is greater than half the appa- 
rent diſtance, both the firſt and ſecond corrections muſt be added, if the 
ſun's altitude be leſs than the moon's; but if the moon's be leaſt, both 
muſt be ſubtracted, to give the corrected diſtance of the ſun and moon. 
7th. Add together the proportional log. of the ſum and difference of 
the correction of the moon's altitude, and the ſecond correction of the 
obſerved diſtance, the log. tangent of the correCted diſtance, and the 
conſtant log. 1, 5820 “;: the ſum, rejecting 20 from the index, is the 
proportional logarithm of the third correction; to be added to the cor- 
recled diſtance when it is leſs thon 90, but ſubtracted when it is above, 
and this gives the true diſtance required. | | 
Exam. I. (See page 298 and 300.) Given the apparent altitude of the 
ſun's center 329, that of the moon's center 24%, and the apparent diſtance of 
their centers 68“ 42“, when the moon's horizontal parallax was 58 39” : 
required the true diſtance. | 
The refr. on theſun'salt. 1” 31/”| The ) 's hor. paral. 58' 39”P. L. 10,4870 
24%00' coſ. 9.9607 
Correct. of the ſun's alt. 1 23 | Moon's par. in alt. 53 35 P. L. o, 5263 
Sun's app. alt. 329 O0 Refraction 2 7 
Moon's app. alt. 24 oo Correct. p 's alt. 81 28 


m the index, is the proportional log. of the firſt cor- 
rection of the apparent diſtance. 


Sum 56 oo half is 280 co-tang. 10,2743 
Difference 8 oo half is 400 tang. 8,8446 
App. diltance 68 4200 halfis 34 21 Co-tang. 10. 1663 
Firſt correAion + 221 arc A 10 53 tang. 09,2842 
Second correction — 23 6 Dif. 23 28 co-tang. 10,3624 
Correfted diſt, 68 19 15+ Sun's alt. 32 09 co-tang, 10,2042 
Third corretion 4 75 Corr. e 25 237 BB. 2,1143 
True diſſance G68 19 24 Firſt correction o 221 P. L. 25809 
| | Sum 45* 14' co-tang. 9,9905 
Moon's alt. 24 oo co-tang. 10,3574 
: Corr, D 's alt. 5r' 28” P. L. 0.5427 
Second corr. 23 6 P. L. o, 89 16 
Sum e 0, 3820 
Difference 28 15 P. L. 0,804 3 
Corrected diſt. 689 19“ tang, 10,4005 
Conſtant logarithm 1.5 820 
Third corr. 7 P. L. 3,1688 


* 


n 


* The conſtant log. 9.8045 , printed in the 


ought to have been 9,8039, the ſame as is uſed in the example p. 24. 


OL. Ih, © A a 


6th Role, p. 19, at the end of 
the Nautical Almanack for 1772, and uſed in the two examples p. 20, 21, 


Ex Axl. 
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Ex Au. II. (See 299 and 301.) Let the apparent diſtance of the moon 
and a flar be 519 287 35“, the flar's altitude 249 487, the moon's altitude 
129 30', and ber her:zontal parallax 56' 15 : what is their true diſlance? 


The refract. on the X's alt. is 2” 3“ )'shor.paral. 56” 15“ P. L. 10,5051 
D's app. alt. 1293” 5, 0.9896 


s par. in alt. 5455” P.L. o,5155 


App. alt. ) 12 307 's refraction 4 12 
App. alt. R 24 48 Corr. ) 's alt. 50 43 
Sum 37 18 half is 189500 57 10,4717 
Difference 12 18 half js S 2978 9,0324 
Obſerved diſt. 51 28 35 half is 25 di 2 10.3170 
Firſt corretion — $8 Arch a $3: 31 8 9,6 11 
2d correction — 18 52 Difference 7 10, 8043 
Corrected diſt. 51 9 35 Star's alt. 4 10, 3353 
3d correction —+ 15 » refract. 194175 
True diſtance 51 9 50 iſt correction o 8 P. L. 341431 
1 ö 
Note. The true diſtance, 's alt. 127 $6 IF 10,6542 
computed with the utmoſtex- Corr. J's alt. 500 43“ P. L. 0, 501 
actneſs by ſpherical trigono- 24 correction 18 cz” P. L.  0,9796 
metry, is 519“ 54”. Sum 69 35 P.L. 5.4128 
DIED Difference sus . I. 0,7522 
Corrected diſt. 1 1o' 7 10,0941 
Conſtant logarithm 1,5820 


3d correction of 157 P. B. 2,8411 


Ex AM. III. Let the apparent diſtance of the moen and fun be 1029 30, 
the ſun's alt. 15* 25, the moon's 275 Zo“, and her horiz:ntal parallax 57 
037 : required the true diſtanctde. 3 3 
Refration on the ſun's alt. 3“ 27 Þ 's hor. parall. 55 o P. L. 10. 4990 
Parallax in alt. (V. 3199 D's app, alt. 2 30˙ 9.9479 
Correction of the ſun's alt. 3 17 | Y's parall. in alt. 50 367. L. 075511 


App. alt.) 27 30“ f D's refraction 1:49 
App. alt. © 15 25 Correct. y's alt. 48 47 
Sum + 48:55 The half is „„ 10, 1057 
Difference 12 5 I ! be half is 6 2 7r dg ,% 
Obſerved diſt. 102 30 Tbe half is $336 7 949045 
Firſt correction + 1 49 The arch 4 „„ .ob4446 . 
2d correction — 2037 — = x 03 W „ 9.0990 
rected diſt. 102 11 12 he ſun's alt. 1 f 10, 
Ml correction — 4 Correct. O's alt. J 17 P. L. 5 
True diſtance 102 11 8 ft correction FE Þ.L 19074 
| 5 5% ths I be difference WW” 0. :£ 10,0906 
The De alt. ' 27 30 f 10,2835 
Correct. Y 's alt. 48' 45” p. L. o, 5670 
2d correction . 0,9411 
Sum Pi. oa: 
Difference 5 W Fx 6.8059 
 Corretted diſt. 1029 117 7 10,6657 


Conſtant logarithm * 


; 
1 
3d correction e e be 10-4079 


1 
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110. To find the time at which two propoſed celeſtial objects may be ſeen at 
a given diſtance ; if obſerved from the center of the Earth under the meridian 
for which an Ephemeris is calculated. | 


In the nautical almanack there are, ready computed, the diſtances of 
the enlightened limb of the moon from tie ſun, or from certain fixed 
ſtars every day, at the hours 3, 6, 9, 12, 15, 18, 21, and at noon. 

Theretore ſeek in that almanack among? the computed diſtances of 
the propoſed objects on the day given for the given diſtance, which if 
found there, the time is there alſo. | SS 

But if the given diſtance falls between two computed ones, A, B, (as 


it generally wall) the correſponding time is to be ſound by proportional 
parts. | 


Saying, As the difference of the computed diflances A, B, 
1s to the difference between à and the given diflance ; 
So are three hours of time, 7 


To the proportional time to be added to that of the diflance A. 


Ex AM. At what time on the 21/1 of July, 1773, will the diflance be- 
tween the Virgin's ſpike and the moon's enlightened limb, be equal to 54* 564 
as ſeen from the center of the earth under the meridian of Greenwich ? 


On the 21ſt of July the given diſtance falls between the computed 
diſtances at gh. and at midnight, viz. between a=55931'30”, and 5 
63? 517 53” fo that the time is between gh. and 12h. P. M. 

The difference between A and B is 1 39/ 37” =5977” and the diffe- 
rence between A and 549 567 is 0? 35 15” 2115“. 

Then 5977” : 2115” :: 3h: 1h 3m 59. | 

And gh+1h 3m 59. =1oh 3m 5ꝗſ the time required. 


111. To find the longitude from obſervations made on the altitudes of the 


moon and ſun, or ſlar, and of their diſtance. 


PRECEPT'S. 


_ 1ſt. Let the watch be adjuſted to true time, or its error found, a few 


| hours before or after the time of obſervation. (58) 
zd. Let three perſons, each having a good Hadley's quadrant, make 
obſervations ;z one taking the apparent angular diſtance of the moon 
from the ſun or ſtar, another taking the altitude of the moon ; and 
the third, taking the altitude of the ſun or ſtar. Theſe obſervations 
are to be made at one and the ſame time, which another perſon is to 
note by the watch. | . (44. 102) 
3d. Let the obſerved altitudes be corrected for the centers of the ob- 
jects, and then the diſtance be corrected by parallax, &c. to have the 
true diſtance of the centers. (108. 109) 
4th. Find the time at Greenwich, when this true diſtance happened. (110) 
5th. The difference between the Greenwich time and the ſhip time, is 
the difference of longitude. ; 
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The beſt times of the day for taking the diſtance between the moon 
and ſun, is from about half an hour after ſun- riſe to about ten o'clock 
in the forenoon ; and in the afternoon nearly from two o'clock to. 
half an bour of ſun-ſet ; becauſe the apparent time may then be de- 
rived from the altitudes of the ſun taken with the diſtance, in which 
caſe the watch is not neceſſary. If a watch be uſed, the altitudes for 
regulating it may be taken during any part of theſe intervals, and 
the diſtance, &c. at any time whatſoever, from half an hour after 
ſun-rifing, to half an hour before it ſets. | 
I hefe obſervations may be taken during the four days preceding the 
moon's firſt quarter, and the four days following the laſt quarter ; 
which make eight days in each lunation, or about a fourth part of 
the time between new moon and new moon, with a quadrant ; but 
with a ſextant for the four days preceding, and the four days follow- 
ing the quadratures alſo ; that is, 15 or 16 days in each lunation. 
The belt time for making obſervation between the moon and ſtar, is 
during the evening or morning twilight; or when the ſez horizon 
can be ſeen diſtinct enough to take an altitude ſuſhciently accurate; 
and when the moon has between 59 and 15 of altitude, or not ex- 
cecding 20; although any altitude may be uſed with a diſtinct ho- 
rizon. 
Chooſe a known ſtar to the eaſtward or weſtward of the moon, lying 
nearly in the line of the moon's. path; that is, in a right line con- 
ceived to paſs through the moon's center perpendicularly to the right 
line joining her cuſps, or horns : but between the full moon and her 
quadtatures the direction of her ſhorteſt diameter points out her 


th. | | 

F he diſtance of the ſtar from the meridian ſhould be two hours at 
leaſt but a greater diſtance is better, if the apparent time be deduced 
from it ; but if a watch be uſed, and the apparent time be deduced 
from other altitudes, this is not material; and the ſtar's altitude 
ſhould not be leſs than 5 degrees. 

If two, three, or more ſets of obſervations be made, as near to each 
other as poſſible, and the meaus of the times by the watch, of the 
diſtances, and of the reſpective altitudes, be taken, theſ: means may. 
be eſleemed a ſet of obfervations more to be depended on than any 
ſingle ſet: or the longitudes may be ccmputed to each ſet, and the 
mean of the reſults be taken for the true longitude. 


7 
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Exam, I. Being by account in latitude 40® N. and longitude 289 I. of 


1 Greemwich, on the 24th of July, 1772; the watch being well regulated to 
q apparent time, and the H 1232 well adjuſted, the diflance between 
d- the neareſt lunbs of. the Sun and Moon, and the altitudes of their luer limbs 
. were obſerved as follows, the height of the eye being allowed for: required 
1 the ſhip's true longitude. 
r Time 21h. 24m, Sun's alt. 481“. Moon's alt. 8 10 Diſt. 843 
1 £24 ©-66 48 59 8 40 60 44 
r Means 21 25 48 . 8 8 25 60 44. 
Now Sh. time 21. 25m. P.M. Fih.g2 W. 2 zh. 17m. F. M. at Greenw. n 
c At this time by almanack, the ſun's F diam. = 15 48” — 
'Y Moon's 4 diam. = 15 14 { e 
'Y | Her hor. . parallax = n 
t Tben 60? 44/ + 317 02” = 619150 02/ the apparent diſtance, 
8 And 48 50 +15 48 — 5 48 the alt. of ſun's center. 
| And 8 25 +1 $14 = 8 40 14 the alt. of moon's center. 
$ Alſo rad. : 855 . af 55" 10 — par. in alt. by the Gunter. | 
N Now diſt. 619i 5/27; it 230037 31% O alt. 49% 5 48“ ) alt. 89 40 147 
; Oap. alt 49 5 48 Ref,— 49 > 8 
— Dap. alt. 8 40 4 | © 49 4 49 $ 34 13 
- Diff. 40 12 34 » 9.29 23 Par, + 55 10 
2Diff. 20 12 47 of ap. alts. Diff, 3 35 36 9 29 23 
8 19 47 48 diff. true alts. 
— bi, 303% gn” o, 29292 9, 70708 1,5, 309 - 37 31 
it 18, 20 12 47 9.53846 | 
8 L, iſt, are 9083138 9.86619 1, , iſt, arc 
; | 9.57327 Lys, 2d. arc, 
| | 9657327 Lys, 2d. _ 
at 0,18389 L, 49% 5 48” 
d o, oo Ls, 8 40 14 
d . NM b 2.3284 42 L., 3d. are 
e 9587831 Lot, 499 5 
9.99401 Lys, 9 29 23 
h 1 139.445 04 L, 4th. arc 
* 11,5, Ich. are | 19,57282|19,57252 41 4th. arc arc 
J | 9: 52979 % 19947" 487 
5 I, 5th. arc 9.86993] 10, 4303 Lets 5th, 
| Dili. 30 18 28282 
60 36 the true ce. 
Again, by che Nautical Almanack 1772. 
The diſt. at 2 1h. is 6137/36“. And 613% 35” . (109) 
24h. is 60 11 37 =B, 60 36 © at ſhip. | 
s' 25 c8 -ab5'58* 1 1. 35 =6r' ge 
Now (I. 40) 85” 58” =85,900 ; and 61 35 21, 5833. 
Then (1. 46) As 85,96: 61,583; : 3h.; F = 8m, 565 time above 4. 
M. time As 
Greenwich time A 08 56 
Ship time | 21 25 .0 
True diff longitude 1 43 56 
By account diff. long. 1 52 
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Exam. II. Suppoſe in 1773, Nov. 6th. at 14h. 1 5m. 14/. apparent time; 
being by account-in lat. 489 19'S. long. 1169 15*E. the obſerved diſtance be- 
tween Aldebaran and the Moon's fartheſi limb ſhould be 589 30>; the Star's 
alt. 25* 10' ; the alt of the Moon's lower limb 89 2. 50% : required the ſhip's 
true longitude. . 1 8091 | 5 
Now Sb. time 14h. 15m. 148. P. M.— h. 45m. E Gh 30m. 14ſ. at Gteenw. (57 
At this time D 's ſemidiam.=15' 1c”; and hor, parallax 557 40“ by Alman. 
And 58 300 15/— 1510 “/ = 58157 5 the apparent diſtance. 

And 8 2 50 +1510 8 18 che ap. alt. of ) s center. 


Then diſt. 58175“; its z=2927'32”| * 25˙ 10“ off 9 go 187 oo” 


& s alt. 228 10 — 3 — 6 17 
's alt. = 8 18 2 5 
R X S "7 -vy 6 x4 43 
Diff. 216 2 | | 9 6 43 + 55 o 
I Ditf. =. 8 26 16 1 16 : 


— £2.45 
8 © 3822 diff true alts, 
105 29 7* 6 0.31271 9.68728 Ls 299 7 z2” | 
Lis 8 26 O 9. 16631 75 
L, firſt arc 9147903 | 9.97034 1%, 1ſt. arc 

a | 9.66602 Ls, 2d. are 

9, 66662 Ls, 2d. arc 

o, 4332 1%, 25* 107 

0,00457 ,, 8 18 
19,381 13 L, zd. are 

9.95680 L,s, 259 087 
tf N 9.99448 L,s 90 7 
39433241 L, 4th. arc. 
2 L, 4th. acc 19,666 20 19,000 20 + L, 4th. arc 

. 9.44412 Lys, 89 of 38/7 

10,52208 1, 7, 5th. arc. 


| Ls, 5th, are | 9.98123 
+ Diſt 282 82.22. | 9.68497 
57 $54 44 che true diſtance. 


Now here is given the ſhip time 14h. 15m. 14f. and the 
Corrected diſtance between the Moon's center and Aldebaran 57% 54/44”. 
Required the ſhip's longitude. | 


By the Nautical Almanack: The diſt. at 6h. is 570 38/33/5537 A. 
The diſt. at gb, 59 1143 * 57 54 44 Ships 
5 1 38 8(=93' 8% 16 9 

Now (I. 40) 63“ 8“ gz, 133“; and 1679 16, 11. 1 1 
Then (I. 46) 4 93,133” 316,15” : O zb. ob. 31m; 138. time above 4. 


7 2 8 Gh. time A. 
Greenwich Time 1 6b. 31, 13 | 
—_—_— | 14h. 15 14 
True diff. longitude = 7h. 44 1 
Dif. long by account ; 7-46 | 
Error = - SO 74/4 Bat; <© 


ExAM, 


M, 


Book IX, DAYS WORKS. 209 


Exam. III. Suppoſe on the 13th of April 1772, on board a Ship in lat. 
2? N. and long. 50. of Greenwich by account, with a watch and inſtru- 
ments well adjuſted, the following obſervations were taken of the Star Pollux 
and the Moon's neareſt limb, then to the eaſt of the Star, the height of the eye 
tring all>wed for : required the Ship's true longitude, | 
Time gh. om. P.M; Alt, D's lower L. 16% 57 0%; Alt. & 54500; diſt. 45®12'. 


GP a 16 1590 364 20 45 14 
— e 
27 21 Saum 48 45 30 Sum 163 00 Sum 135 42 

Mean 9 7 P. M. mean alt. ) 16 15 103 * $54 20 45 14 


Now Sh. tim. gh 7m. P.M.+ zh. zom W.=12h. 27m. P. NM. Gr. tim: (57) 
At this time by Alman.. the ) 's ſemidiam, =16/ 26// 25 
A and horiz. parallax, =60 18, 

Then 45® 14'+ 16-26” =45? 30/ 26“ the apparent diſtance. 

And 16 15 10+16' 26”=162 31 36 the alt. of the Moon's center. 
Alſo rad. : s "Ez : 6o' 18"; 57) 1 5 the paral. in alt. by the Gunter.” 


Nowdif.459 zo"20”; its E is 224.13. * 54920 P 1693116" 
* ap. alt. 54%.20” of Ref. — ce 
)'s ap. alt. 16 31 36 . | * 54 19 19 16 28 28 
Diff. 27 48 24 j D 17 25 40 Par. + 57 15. 
4 Diff, 18 54 12 ap. alts. Diff. 36 $3: 39::;!:;:, .. F725 48 
a Derb Th Jeet! IJ + - 18 26 50 = diff. true alts. 

„„ 0,41254 | 9.58746 1%, 22 45 13% 

1, 18 54 12 9,51050 

Lys, Iſt. arc 9492304 | % 1%, 1ſt+ arc, 


9,3243 Li, 2d. arc 
9;32493 Ls, 2d, are 


5 — 2 % 48 I's, 54? 200 


| 0,01832 - L's, 16? 31' 3677 

18, 90240 L, 3d, arc 

9.76884 Los 64 19 19 

| | 9,97959 T, 7 25 40 

38.643789 T, 4th. are 
9.32394 T L, 4th. are 

EL, 4th. are 10, 32394 9450027 1.5, 18 26 50 - 


4; 9.82367 1,7, 5th. arc 
Li, 5th arc . i, T3001 ITT | 
1Diſt; 3220 527 9.55004. 


44 41 44 the true diſtance. 


Again by the Nautical Almanack 1772, April 13th... .- 


The diſt. at 12h. is 4428 30% = and 44%28' 30 =a. , _ | (19g) 


at 1 Fh. 1845 13 32 23 44 41 44 at Ship, 
Diff. 14 2 =105/2 © 15 14 : 
Now (J. 40) 10502” =105,033; and 17 16 613.233 18 915 « $ 
Then (I, 46) As 105, 33: 13,233: zh. : oh. 22m. gol. time above a 
U 2031s aft a. time 4 "oh 
12 22 40 Greenwich time 
6 . 1 459100 use ee Ship time 
. True diff. Longitude 3 ng 40 


1 By acc. diff. long. 58 


k LO —— ? 
55 . Error 4 a0 1 5. 
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112. Mzrnop X. To find the lingitude at ſea by an obſervation of the 


PRECEPTS. 


rſt. Find the Greenwich time: to which, find (57) 
Ihe right aſcenſions and declinations of the Sun and Star, 
The right aſcenſion and declination of the Moon, 

And the horary angles between the meridians of the ſhip, 
Moon, and Sun or Star. 


2d. With the Sun or Star's horary angle, the polar difanee, and the 


ſhip's co-latitude, find the zenith diſtance, © (IV. 253) 
With the Moon's horary angle, her polar diſtance, and the ſhip's 
co-latitude, find her zenith diſtance. | (IV. 253) 


za. Theſe true altitudes are to be altered by adding the refractions, and 
ſubtracting parallax (in the Moon's), to have the apparent 


altitudes. ; : 
4th. With the apparent altitudes, the true altitudes, . and the obſerved 
diſtance, find the true diſtance. WI (108) 


Sch. To this diſtance find the Greenwich time, (109) 
| Then the difference between this time and the ſhip time is 
the difference of longitude, | 


Arn Aan 


The right aſcenſion and declination of the ſtars are found for the year 
1780, in art. 312. Book V: to which are to be applied the yearly varia- 
tions, taken as many times as years fince 1780. 

The right aſcenſions and declinations for the Sun are found (in tables 
V. 309. 310. or) in the Nautical Almauack for the noon of each day; 
and for the intermediate times by proportional parts. (V. 283 284 288). 

The right aſcenſions and declinations of the Moon are given in the 
Nautical Almanack for every noon and midnight; the parts for interme- 
diate times may be found accurately enough by proportional parts, 

The proportional parts for right aſcenſions and declinations are readily 
found, near enough, by the table art. 31 1. Book V. | 


The borary angles are found by the following precapti. 


The ſhip time in degrees, added to the Sun's right aſcenſion in de- 
grees, gives the right aſcenſion of the mid-heaven; rejeQting 360 de- 
grees, when the fum is above that number. : 

The horary angle at the Sun is equal to the ſhip time. 

The horary angle at a Star is equal to the difference between the Star's 
right aſcenſion, and that of the mid heaven. 

The horary angle at the Moon is equal to the difference between the 
Moon's right aſcenſion and that of the mid heaven 

Note: Phe declination of an object applied to go degrees gives the 
polar diſtance of that object. wed, 3 

- | XAM 
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the Exam. I. 1772, November 15th, at 21h. P. M. ſuppoſe in a ſhip, i 
latitude 30S. and longitude by A 7E. of Go fo $55 — 
neareſt limbs of the Sun and Moon was obſerved to be 112? 267 10” : what 


was the true longitude of that ſhip ® 
70 8 | 
Ship's time, 2 ap ern E =20b 320 P. M. Greenwich time, 
Nov, 15. O's z diam. 16014“; ( f diam. 15 34” ; bor. parallax. 57/7”. 
4 s For the Sun's right aſcenſion. | For the Sun's dtelination. 
tl ov. 1 5. Ou Arth FAA N r e 18% 37 zr 
53 = x 0 301 Diff. 46g: 8 2 diff, 1454 
Py 24h: 20h 32m: : 4m 6. : 3 32+ 24h: 20b 32“: : 14 54”: 12 43+ 
53 - IT 20:23 | ws 18 43 37 
wf © right aſcenſion * 75 5 54, i | © declination 18 56 208. 
_ © For the G i, right aſcenſion. OY For the Q's declination, 
o go 8 ns 
ase une: 1 20 at e 
00% 12: 20 32 :: 60387“: 5 12: 20 32 3: 118224 
385 | | 118 17 15 41 
» 's right aſc. 123 57 Ds declination 1.. 37 N. 
Ship-time 3152 O = 21 hours 
year „ — 1 . 5 5 2 
ana O's right aſc. 232 13 30 
OM. 
5 ry eo BY 187 13 30 | 
3 's right aſc. =; > a 
_ D 's horar, ang. 63 14 30 
SH Q's horar. apg. 45 * 
dily For the guns altitude. For the Moor 7 N 
| ä Pr , N s altitude. 
Se n, 49] apo. 194 5D. > 
Co- latitude 50 o oſz diff. 5 31 50 | Co lat. i 222 25 Tr 
" WH Pol. di. 51 "* $3 Pol. di I: 1: Sn 
* 3 40 9.97583 Fol. diſt. 104 3.985 
b Co-lat. 60 © 993253 Ca-lat. 60 - | 992575 
884 
19 53952 19, | 
ur) iu, 5 31 50 | 85 s af, 22 1824 Jones 
:98397 ; "of TO 4 957934 
TC 
, 7 5 . 37 44 30 9.78 82h2%k.„᷑ 
s the ___$2 30 = O's zen. diſtance.. | 75 29 Js zenith diſtance. 
37 30 = ©'s true altitude, 14 31 DJ's true altitude. 


AM 


Ta 
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Te find the true diflance of the centers of the Sun and Moon. 


Now 112026 10”+16' 14"+15/ 35 112 57 58=apparent diſtance, Se 


Diſt. 112 57 58; its 1 = 56928' 59". 


O's alt. 37 = — 1 's alt, 14317 Oo“ O true alt. 37 30 
Ref, — +. 332 true alt. 14 31 
jm" phy OP e — | N — 
Ap.alt.O37 3115 14 34 32 MY IS + 
Ap. alt. ) 13 3932 * 0 — 
— 1 diff. true alts, 11 59 30 
235143 - © DEF? * 
IT 555 Ub. Ats. g 
L's, 56 28 59 _ 0,07898 | | 3 1, 56? 28 og”. 
17, 11 65 52 - De ͤ Rn” 
45, Uſt are 9:39439 | _9:98621 1, It. arc 
9,90723 Lys, 2d. arc 
ö me + 999783. . 2d. MS TY 
985 ES o, 10066. ww 37* 31” 16” 
S711 80 ; N 0, 1246 1%, 13 39 33 
1 1 f * 2 19,927.58 a L, 55 arc 
9.599047 % 37 30 x 
; nol n e 1 2:98593 Hi T144h doi: 
— 30 81-96 1, 4th. arc 
E I, 4th. arc 19,90648 19,99048 2 1, 4th. arc 
| De 18 -- 9.31 „ 11 
18 gib. are 9.98604" 2 8858 — g. ad 
56 22 | 9,9204 
112 44 the true diſtance of the Sun's and Moon's an, 
To find the. Longitude. 
Nov. 15. at 18h diſt. 1137 51277 113957727 
21 112 21 # 112 44 o 


; 7 30 7. 19 I 7 $986 '2 L 
1 110 ; and 67 27 ere. i 
And 0. 49) 9 57745 Ms ab 14 38 


I 
Greenwich time for the true ain. 20 14 38 
Ship time for that diſtance n TE 


ab.. 


Difference of longitude i in 1 046 2 | 


— ——ũ— 


In degre es, Ke. 11 20 3oE, 
tude by reckoning > £6. is. 

Wer in beg ; 4 20 30 
; — ———_ 


i 


Ex AM 


Nov. 
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* 
EX AM. II. November 9, 1769, a ſhip in latitude 249 15 N. longitude 
4% 14". of Greenwich: obſerved the diflance of the flar Aquila ta be 58% 


35 from the Moon's near limb, at Gh. 31m. 4. apparent time : required che 
ſup true longitude, | | i | 


Now Eh 31m 40 P. M. +3b 8m $6ſW,=gh 40m P.M. at Greenwich. 
For the Sur's right aſcenſion, 


Nov. 9. O R. A. 14h 59m 47 27 1 
10 „ diff. = 4" 3\. 


Then 24 ; 940 $4 331k 384+ | 


Fir * Aquila's right aſcen ons, 
1764. & R. A. 19h, 39m 16\ 155 8 


5 years variat. + I2 
176g-x'sR.A.ig 39 28=294% 2. 


Fir )'s right aſcenſion. 
Nov.g.n. D'sR. A. 34816 


Now 1 2h : gh 40oz:6* 15" :52 &'+ 


diff =6%1 F Nov. 9. n. )*sdecl.0% 38'N 
1 


. 
1 25 2225 217 


For ũ Aguila's declination. 
1764. & s declination 89157041“ 
5 years variation + 42 
1769. & s declination 8 16 23 N. 


9 


Fir p 's declination. 


41 0 
9. midn. 3 1 diff. 2936% 
12h : 9b 40 :: 20 367 : 29 o'Þ 


. e o 38 
)'sR, A. 353 22 [Dis declinatiin 2 38 N. 
Ship-time 97 46'=6h 31m 4c. - 
Sun's right aſcenſion. 225 7 * 201 
R. A. mid-heaven % TT 80 0 A : 
Star's R. A. 204 2 Fi 22 DVR. A. 
+ weſt of ſh. meridian 28 15G 30 15 D eaſt of meridian. 


To find the Star's altitude. 
Given h. angl. 28215; its 2= 14%. 
** pol. diſt. 81 43 37 diff. 15 48 37 
Co. latitude 65 45 e 


1 pol. 214 / 2, 122 


To find the Moon's altitude. 
Given h. angl. 309157 its 8187/4 
D 's pol. diſt. 87 22 diff. 2 1 37 
Co- latitude 65 45 14 10 485 


6 L pol Z 1% 1 21, 1348 


9, 38740|* © 1 21699 
81 43 37 Ls 9.99546 ad 87 22 Lys 9.99954 
65 45 L,s . 995238). 65 45 Lys 9,954y88 
| EE A ; 50869 
19, 36513 19,36513 19,39670 19 29 70 
„ 9727306 
9.93333. 19922221] 9.90263 10,7204 

18 41 9,4 3190 | 1 9.494 7 


en. dil. 31 22 and, 58 J = & t. alt. | 


6 22, and 83 38=)'s tr. alt, 
3 , $3 3 The 
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To find the true di Zflance between ails and ) center. 


New, 9. bd. D „ diam. 215 52. Da d ee 685 5147 


Nor. paral. 58“ 42... Then rad. 2, 535 880 — 1 30 25 Givi 
Diſt. 58® 51' 37”; its 4 29% 25" 48” Ns alt. $838” o” J's 53% 6 0. 


O's alt. 58 38 Refr, + o 35 + © 42 
D's alt. 63 88 55 "03a 58 38 3335 33 38 42 
dur. 9 Þ 1 34 30 
TR ade ts 23 $3 +4 12 

diff 2 zo of the true alts. ö x diff, rn. 
1% 2952548 /ęéꝝ : 9.30860 9,694 Ls 29 3 48%. 
15 2 47 12 8 58679 | 3 

1 e 
175 iſt arc 8,99539 | 9.99786 


9.68926 1, 2d arc 
9,08926 Ls, 2d arc. 
IJ 0;28350 Ln, $8 38 35 
| 9.22125 1%, 53 4 12 


| 19:88347- 2, 3d are 
9,71643 18, 58 38 
9.77302 Ls 53 38 
| 3937292 1, 4th arc 


Zr, 4th arc ; 19468646 | Tr Zr, 4th we 


„69938 Ls, 2 30 


Ls, 5th arc : 9.99825 11, 04708 LI, 5th arc} 
12 
29 11 40 — 
23 20 che aros n. of & from D's center. 
2 find the Longitude. 
Mis: gh Fa * a 4 458 2 37 i 58 137 
$9 29 51 58 23 20 


1 314 = 88, % 21 43 
Now, . 40) 10 28 274 beg, and 217045 21,716. 
. volt Wee : zh 4 438 321 | 


deen, time at Sat 43 32 
Ship 6 
8 
ce of times 3 12 = 7 diff, longitude. 
| | F. 


itade by agcount 3 
eee eee PO 1 Fo 530 
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o XE 
Of a Ship's reckoning. 

113. A SRir's reckoning is that account, by which it can be known 
at any time where the ſhip is, and on what courſe or courſes ſhe muſt 
ſteer to gain her port. 

114. DEADRECKoNING is that account deduced fromthe occurrences, 
which are written on the re | 

The Loc-BoArD is a large ſquare board, or pannel of wainſcot, 
painted black, on which is written in chalk whatever is thought worthy 
of notice from day to day ; and for a proper diſpoſition of fuch notes, the 
board is uſually divided into five columns. The column on the left 
hand contains the 24 hours from the noon of one day to the noon of the 
next; in the ſecond and third columns are the knots and fathoms the 
ſhip is found to run per hour, ſet againſt the hours when the log was 
hovez the fourth column contains the courſes the ſhip ſteers; and in the 
fifth, or right-hand column, is written the winds, the alteration of the 
fails, the buſineſs doing aboard, and what other remarks the officer of the 
watch thinks proper to inſert. For it ſhould be obſerved, that it is uſual 
to divide a ſhip's company into two parts, called the ſtarboard and lar- 
board watches, who do the duty of the ſhip for four hours and four 
hours alternately. h | 

The Loc-Bock is a book ruled like the log-board, in order to con- 
tain the daily copies of the remarks written on the log-board, which is 
the only authentic record of the ſhip's tranſactions; and theſe are by the 
perſons who keep Fournals tranſcribed every day at noon into their log- 
books, from which they make the neceſſary deductions relative to the 
ſhip's place. B17 

115. ASea JoURNAL is a book, in which is truly entered the moſt 
remarkable daily occurrences. relating to the ſhip during her voyage out- 
ward and homeward. | 

There are various ways of keeping ſea journals, according to the dif- 
ferent notions of mariners concerning the articles proper to be entered. 

Some writers direct to keep ſuch a kind of journal, as contains! o 
an abſtract of each day's tranſactions, ſpecifying the weather, what ſhip's 
or lands were ſeen, accidents on board, the latitude, longitude, meridional 
diſtance, courſe, and run. Theſe particulars are to be drawn from the 
ſhip's log- ook, or that kept by the perſon himſelf ; for moſt good marinen 
keep private log - books. 6 | 

Other authors recommend the keeping but one account, including the 
log-book and all the work of each day, with the deduCtions drawn from 
it. This method is adopted in this treatiſe, becauſe it repreſents to the 
beginner the whole of each day's work: but when be is well verſed in 
this method, he may abridge hat part of it he pleaſes. But it is con · 
ceived, that a journal neatly kept, with all the particulars of the work 
commodiouſly ranged, will give more ſatisfaction to thoſe who may 
afterwards have occaſion to inſpect it, than a journal containing the heads 
only with all the intermediate parts ſuppreſſed. 

The method here made choice of to introduce the young mariner into 
this capital part of navigation is, by ſhewing him firſt how to wy a few 

| | eparate 
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ſeparate days works independent one of another, and then to proceed 
to a continued journal of teveral ſucceſſive days works; ſor the doing of 


which it was judged neceſſary to premiſe the following obſervations. 


116. I. Mariners reckon time in the aſtronomical manner, he. 


ginning at noon and counting from thence 24 hours to the next noon, 
The ficſt 12 hours, from noon to mid-night, they mark with P. M. 
ſignifying after mid-day; and the ſecond 12 hours, from mid-night to 
noon, they mark with A. M. ſignifying after mid-night; and end their 
days work on the noon of the nominal day. Hence their ſhip account 
is 12 hours earlier than the civil account of time; and conſequently 
the Sun's declination, and other daily aſtronomical matters fitted for nom, 
muſt be ſought for on the day according to their account of time : but if 
they are wanted for any other time of the day, they muſt be taken out for 
the day which precedes the given nautical day, which they are wanted for, 
Thus that day's account which is marked Sunday the gth of October, 
- began on Saturday noon, and ends on Sunday noon. 

II. If there is an obſervation for an amplitude or an azimuth, let that 
amplitude or azimuth be worked as is ſhewn between article 22, and 283; 
and then find the variation as is ſhewn at article 29 ; taking care in theſe 
operations, that the declination for the proper day, time, and longitude, 
be uſed as ſhewn above, and in Book V. article 286. 

III. Correct each eourſe by the variation thus found, as at article 30; 
alſo correct theſe corrected courſes by the proper allowance for leeway as 
is ſhewn at articles. 31, 32. | 

IV. Write theſe corrected courſes in a Traverſe Table, ſum up the 
knots and fathoms, allowing eight fathoms to a knot, belonging to thoſe 
hours in which the ſhip kept on the ſame courle, and write the ſeveral 
ſums as diſtances in the Traverſe Table againſt their reſpective courſes. 

V. Complete the Traverſe Table as ſhewn in Book VIL. 36, find 
the preſent latitude and longitude as ſhewn in article 72, 73, 74. 
Book VIII. and the following examples, and then will the ſhip's place 
be obtained by dead reckoning. 

VI. The preſent longitude each day may be found either by middle 
latitude or by Mercator's failing ; the one being preferable, when ſailing 
uearly on a parallel of latitude, and the other when failing near the me- 
ridian; In what follows, Mercator's failing is uſed, when the courſe is 
leſs than five points, and middle latitude failing when it is above. 

VII. As the greateſt trouble in uſing the Traverſe Table is to find 
a correſponding difference of latitude and departure, or meridional 
difference of latitude and difference of longitude, nearly equal to two 
given numbers, it has been judged proper to annex the two firſt figures 


of the natural tangent of the courſe to the degrees at the top and bottom 


of the Traverſe Table (VII. 65.) ; by which means the courſe may be 
found with greater facility from the diff. of lat. and departure, or from 
the merid. diff. of lat. and the diff. of long. Thus: Add cyphers to the 
depart. or to the diff. of long. and divide by the diff. of lat. or by the 
merid. diff. of lat.; look for the two firſt figures of the quotient amongſt 
the numbers annexed to the degrees at the top or bottom of the Traverſe 
Table, and the degree where it is found is the courſe or bearing ſought: 
Let 672 merid, diff. of lat. and 353 diff. of long. be given to find the 
courſes. 353. with cyphers annexed, being divided by 672 gives ,5Zin the 
- quotient, which is found annexed to 28“ the coarſe required. 
| 117. EX4aMs 
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0 117, Ex Au. I. Aaguſt 25th, 1772, Yeflerday noon we were in the latitude 

f if 46? 28' N., longitude 22* 78 W, and have ſailed till this day noon as by” 
: e log-board, the tide having all the time ſet S. b. E. 24 miles an hour: 
e. mquired the ſhip's place, and the direct courſe and diſtance made good. 


n. 4 | * 


Loc-BoarD. a TAaAVZASE TABLE, 
1 HK. F. Couries. Winds. Courſes. Dif] N. je W. 
y 6 3] NNE. | Wett | | NNE. [31 | - 28,6 | | 11,9 
2 7 2 £4 ENE | 35 | 13-4 | 3273 | 
if qe o____| E. b. 8. 35 [ 20383 
+ 10.40 8E. | 57. | 47-1 | 1995 
5 F * 0 81 S. b. E. 60 68,8 | 11,7 
1 * e n ä W — E——_— 

U.. BN EL. NW. 3 42,0 | 112,9 110.7 | Dep. 
it 7 . 0 ge | ä | 
b 2 —— —— . lat. | 70.9 
* Ws: 1 
y — 5 4 Depart. lat. = 46028 N. M. P. 3156 
f 1 5. 8 Diff. lat. 8 ES 
; I | 

1 E 2 8 N h. ; | g 
a _— - * Preſ. lat. = 4% 1% Ni- M. 
io 5 2 — 

e 2 6 2 Sum lats. = 91 45 M. D. lat. 102 
e \ 6, 0 ; 7 — 
OUTS BEEP Tho. rm: 
4 [5,0 ..... ©o-middle lat gy v8 
F b| 7] of dE, n 
> og © 7, Dep. loagitude '= 22 18 W. 

7 75 | Ditference long, 2 39 E. Or 25 49". 
471 5 Preſent long. = 19 39 Ww. | 
ö 10 7 [ . 8 * N 1 
: 1 29 Direct courſe = S. 599 15“ E. | 
p — 2 . | Diſtance = 131 miles. | ST 

lz} 71: 3 | * | 4-4 © -<# oof ; - 3 
| The courſes and winds in the log-board being examined, it appears 
) that the ſhip goes large, and has no lee way; therefore the ſeveral courſes 
3 rom the log- board are entered in the Traverſe Table without alteration. 
1 Next, the fathoms and knots belonging to each courſe are ſummed 


up, and the reſults are put in the column of diſtances in the Traverſe 
Table; and to theſe courics and diſtances the whole difference of latitude 

and departure is foun t. | | (II. 36) 

Then the preſent lat. is found by VI. 51; the co-mid. lat. by VIII. 453 
the preſent long. by VIII. 64; and the courſe and diſtanee by VI. 33. 
Or by Mercator's having found the preſent lat., find the meridional diff. 

| lat. = 102 by VIII. 52; and the courſe and diſtance by VII. 33. 
Then the diff. Jong. being found by VIII. 65, will be 25 40“, differing 

one mile from that found by middle latitude, | 


vet — i. £0... 4 * „ 3 1 
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118. Exam. II. June 27, 1771. Being yeſterday noan in latitude 25* 36/0 
and longitude 10? 15 E., _ have ſailed till this day noon, as per "a Ae, 
in a current Fx S. 24 miles an hour, the variation 14 point weſt : rt. 


r we da 
LOoG-Bo KR». TRA VERSE TaBLE. 
H]K.|F.[Courſes|Winds. 3 F 1 E. ; ; 
1] 6 of SW. WNW. S. b. W. W. 3o 28,7 e 
20 2 S b. E. J E32 n 
31 of 4 5 | S!E. $f = a r 
44 of c | SE. b. E-IE, 39 r 
NE —jS b.E-JEJcof E 
bf of os. b. WW. b.S.| | [Dar \1650 | 640 | &,; 
2 1 125 EY . 
844 = „ — 
Ja I —ä— — 
ES P 
til Lo Dep. lat. = 25 30 8. Merid. pts. 1583 
2 7 2 SSW. . Weſt. | * 
= x r 2 | Preſent lat = 28 15 8. Merid. pts. 1768 
7 — ——m—— — 
2] 5} © © Sum of lats. = 53 45 M. diff. lat, 18; 
234 0 — Mid 5 MEN 
. Id, lat. 1 32 
RE Co- mid. lat. = 63 08 
6 c 2 SE. b. S. SW. bs. ; —— mn ena >>more 
e ; | Dep. long. = 10 15 E. 
7 | 
= Dit. loog., = 1 0» Be Or, 17. 
'9 1 1 Preſent long. = 11 17 E. | 
101 6 | — — 
1 A N ale Courſe isS. 18 zo/E. 
g | . - . 
- — | Diſtance is 174 miles. 


The courſes and winds in the log-board being examined, it appears 
that the ſhip is cloſe hauled on each tack, and one point lee-way being 
allowed (32) reduces the courſes to 8 W. b. S., 8. 8 W., SE., SSE., 
and take a courſe for the current S.; theſe ſeveral courſes being cor- 
reed by urt. 30 for the variation 14 point weſt, give thoſe in the Tn. 
verſe Table; to which the whole difference of latitude and departure is 
to be found as before. | | 

And hence the preſent latitude and Ic e may be found either by 
middle latitude, or Mercator's failing ; for as the ſhip is fo near the 
equator, the difference will be almoſt inſthſible. ; 

If a greater accuracy is required, which is very rarely wanted, eſpeci- 
ally in ſuch ſmall latitudes, the diff. of long. may be found to each 
courſe, as ſhewn in Book VIII. 77. 78, and thence the whole diff. long. 
may be collected; but there will be no material diffetence found by 
ſuch operation. | x lan: 
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119. Exam, III. Y:fterday noon we were. in lat. 33%40'N , long. 169 
20'WW., the ſun was obſerved to ſet 5018“ from the north point of the com- 
paſs; we have ſailed till this day noon, as per log-board, in a current ſetting 

SH. 1% mile an hour : required the ſhip's place, and her courſe and diſtance 
to the weſt end of the I/iand of Madeira, June 4th, 772. 


LoG-BoarD. | TRAvERSE TABLE. 
H.K.]F.jCouries, Winds. Courtes, Dif} NC S EW. | 
1 5 21S; b. W. Weſt. S. 1E. 40 | 40,0 | 0,7 : 
EEE e S oW 2 68,9 12.2 
A 19% 9 Rap: # ORE $,.44W-|58 | 41.7 49-3 
1 3 20,6 29.5 _ 
N17 A CORE © — | ID. at. 171, 2 o,7 | 82,0 | 
1. — RE : | [or 
2 7] ZEWb. S. W. b. 4“ 2 8 ! 

5 te ä Before the courſes can be corrected to put in 

2244 —tzhe Traverſe: Table, the variation of the com- 
10 7] © I paſs muſt be found from the Sun's true ampli- 
1116714 i tude; which may be done by article 22, or by 
121-8] 1 — | working the proportion in article 23, either by 
Tc logaritams or the Gunter. - | 
——|—] June 4th, 1772, the de-lination is 229 32/N. 

21-81" 5 As coſ. 33407: rad. : : fin. 220327; fin. 279227. 

3] 8 2 So that the true amplitude = 62? 38'W, 

4| 7] SSW. WI NW. Mag. amplitude = 50 48 

ULZEDE — (29) Variation = 12 20 
6 61 31 | ; 

7\ 6] 2| The courſes in the log-board being corrected 
8 6jof by this variation and the leeway will give the 

” of i OUS 13 courſes fitted ſor the Traverſe Table: 

CC Re Pets POT "TOO M.P. 
11 „ IAG Madeira's lat. = 32726N. 2068 
12] 607 | N Preſent latitude = 30 49 N. 1945 

"Depart, latitude 2 33%40'N. Diff. latitude = 1-37 113 

Diff. latitude 2 18. | Sum of latitudes = 63 15 

Preſent latitude = 10 20 N. Middle latitude = 31 27 

Sum of latitudes 5 29 Co- mid. latitude= 38 23 

Middle latitude = 22 14 rvogit 2,0 = 17 2 : Wo 

Co-middle latitude = e , 
Depart. longitude 02 V. Diff. longitude = 0 35 W. 
Diff. longitoede , |= _! 20W.\| The courſe (570 N. 17515 E. 
Preſent longitude = 17 coW, The diſtance = 101 miles. 


e work for the amplitude the lat. at Sun-ſet was taken the ſame 
3 > although ele were about 46m. of ſouthing in that time, 
and ſo the lat. at Sun ſet was about 32 54", yet the amplitude being only 
about 15 leſs, the alteration in variation would ſcarcely affect the diff. 
lat. and dep. found from the — - corrected, 
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120. Exam. IV. Being ycſterday neon in lat. 19930'S., long 0210'F. ; 
this forenoon we obſerved the Sun's altitude to be 10940”, when he was $02 
30 from the north point of the compaſs, and his declination 17 V we bave 
fatled till this day noon, as per log-board, in a current ſetting by the compaſs 
IL NIF. x mile an hour : required the ſhip's place, with ber direct courſe and 
diſtance to the Iſland of St. Helena. | 


LoG-BoarD. | TraveRsEs TABLE. 
þ | | 
HJK I; Coorſes] Winds. | Courſes. Dil N. 8. | 2 E. W. 
1] 6} -|N--rth.|N b. E.] [N. 1360/38 36,9 | | 8,9 
- 5.2 [N. 24 45W.j 38| 345 2 
3] of 4 IN. z W. 76] 51,7 | {55.6 | 
al 6! 3 N. 81 ooW.| 12 1,9 111,8 
14753 . 28. 1492.2 
eo FD ep. 
_71_5} 4] North E. NE Before the courſes can be corrected, an azi- 
8 5! 44 _| muth muſt be worked as in articles 26, 2y. 
"ol 51 © go 007 | g-%00/ go*00”. 
2 F Decl. 17 27 [Lat. 109 30 Alt. 10 40 
— A = 107 27 Co- lat. 75 30 | Co-alt. 79 20 
1115 » = 8 co Co- lat. 20 30 
12 $1.0 Sum 116 1758908“ =: fom.] Þ = 8 50 
1 Diff. 98 37 49 19 = : dit. 
NNW. NR. 5 | — 
73 "6! 4 | Then by the Gunter, the extent from 5828". 
TRY. to 79920” on the fines, will reach from 70930' 
12 25 to ſome point beyond 90; reſt one foot there, 
5 and extend the other to 49919}; then this ex- 
6 7; 4 tent will reach from the beginning of the verſed 
| 71 5 i ſines to the verſed fine of 699, the azimuth 
87 ſought, as the latitude is ſouth. Hence the 
TI variation will be 130 W.; with which the 
8 courſes in me log- board are to be correQed. 
41j 6f 3 Yo re the bearing and dif. of St. Helena. 
PREALSD_CT. [7 St. Helena's lat. 16 . M. P. 973 
Ty For the ſhip's piace. , | Preſent latitude =17 25 8. 1061 
Depart. latitude = 19*30'S. | Diff. latitude = 1 25, $8 
Difference of latitude = 2 05S. Sum latitudes = 33 25 
Preſent latitude = 17 25S. | Middle latitude =16 42 
Sum of latitudes = 30 55 | Co-mid. lat. 273 18 
Middle latitude = 11.27. | St.Helena's lon.= 5 53 W. 
Co-middle latitude = 71 33 |Prefent long. =-1 26W. 
Deparr. longitude 2 10 E. Diff. long. = 4 27=267m. 
Diff. longitude =. 1 86. Courſe N. 71930'W, (57) 
Preſent lougitude = 1 20 .] Diſtance 270 miles. 


Here the azimuth is worked with yeſterday's lat.; but had it been | 
worked with this day's, the variation would have been 129 30), the diff. 
lat. 120m. and the depart. gom. * 


W 


In the ſollowing Journal almoſt all the eircumſtances which can poſ- 
ſibly attend a day's work, in any common voyage, are introduced. The 
ſhip is taken from the river Thames, conducted through the Downs, 
down the Engliſh Channel, and from thence over the Ocean, until ſhe 
comes in fight of her port; namely, Fonchal in the Ifland of Madeira. 
In this navigation care has been taken to point out the uſual buſineſs, 
that occurs in the like circumſtances of Does is weather, &c. The courſes 
and diſtances run down the channel are ſuch, as produce the bearings 
and diſtances of the places mentioned; and veſſels frequently keep a 
track not very different from that which is here aſſumed. The aſtrono- 
mical obſervations are adapted to the times and places where they are 
put down; and it is apprehended, that the whole is conducted in ſuch a 
manner, as might poſſibly have happened. 


It is uſual, in Journals, to mark the days of the week with the charac 
ters of the planets. 


Thus © ſtands for Sunday. 

» Monday, 
Tueſday. 
Wedneſday. 
Thurſday. 
Friday. 
Saturday. 
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Joux xa of a voyage from England towards Madeira, in his 
Majeſty's Ship the Neptune, Lucius MaxLey, Eſg. Commander, 
kept by FRaxcis Drake, Maſter's Mate, 1772. 


| Winds. | REMARK s. 
NW. W.] U. July 2d. At 2 P. M. the pilot came on board; or- 
| ered the ſhip to be caſt looſe from the ſhear- hulk at Dept. 
NE. ford, and made fail down the river. At 5 P. M. made faſt 
to the ſhear-hulk at Woolwich, the wind not permitting us to 
NNW. proceed farther. At 4 A. M. caſt loofe from the hulk, and 
| t 10 anchored in Long-Reach; moored with a cable each 
way“. a 
2. July 3d. Employed taking the gunnet's- ſtores, on 
. board. Read the articles of war to the ſhip's company, and 
NW. [puniſhed Simon Sturdy with 12 laſhes, for drunkenneſs and 
diſobedience. Fine weather and moderate wind 


In July 4th. Light airs and fine weather. A. NI. un- 
W. b. S. moored and failed down the river to Graveſend. At noon 
anchored with the ſmall bower + in 6 fathoms. 


©. july 5th. At 6A. M. weighed and turned to wind- 
NNE. ward down the reach; and at noon anchored in the Hope, in 
7 fathoms. Fine weather and moderate wind. 


July 6th. Briſk wind and cloudy weather. At b P.M. 
Weſterly. [weighed and failed ; and at 2 A. M. anchored with the beſt 
bow er at the Nore, in ꝙ fathoms. At 7 weighed and failed. 


F. July 7th. At 3 P. M. came to in Margate road with 
the beſt bower. At 8 A. M. weighed and made ſail. Briſk 
wind and hazy weather. | 


F. July 8th. At 3 P. M. came to anchor in the Downs 
in 7 fathoms, and moored with a cable each way“. The 
town of Deal bearing WNW. and the South Foreland 


+ It is cuſtomary on board ſhips of war, as well as other ſhips that make 
long voyages, to have four large anchors, nearly of the ſame ſize, called the 
ſmall bower, beft bower, Peet, and /pare anchors; the two firſt being always 
ready at the bows of the ſhip to moor with, or to let go as occahons require. 
The other two are ſuſpended over the ſide farther aft, near the fore-chains, 
to be uſed along with the former in very bad weather, or to ſupply their 
places when they are loſt, Beſide theſe, each ſhip of war has three ſmaller 
anchors ; namely, the ſtream anchor, which is about one-fourth part as big 
as one of the former, and two kedge-anchors, with cables and hauſers pro- 
per for them, to be uſed in warping the ſhip from place to place, into and 
out of harbours, or to ſteady the ſhip on ſome — are 

When a ſhip is moored, ſhe lies in the mid-way between two anchors; 
and when ſhe is moored with a cable each way, the anchors are two cables 
lengths, or 200 fathoms aſunder, and the ſhip rides in the mid way between 
them. To place a ſhip thus in a ſtream, or in a tide's way, one of the 
bower anchors is let go, and ihe length of two cables veered out as the ſbip 
falls down the ſtream; the other bower is then let go, and the cable veered 
out as the other is hove in, until the ſhip is in the middle between the two 


anchors. 
Journal 


NNW. 


Variable: 
weſterly. 
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Journal from England towards Madeira, 1 772. 


Winds. n REMARKS. 


T . 


SW. b. S.. Sent the pilot on ſhore. Moderate wind, and 
cloudy with ſhowers. 

A. July gth. I he — — part of theſe 24 = briſk 
wind and cloudy weather ; the middle ſtrong gales with rain. 
At6 F. M. got down the top-gallant- yards. At 8 ſtruck the 


yards, top-maſts, and top-gallant maſts. At 2 A. M. ex- 
ceeding ſtrong wind with rain: let go the ſheer-anchor un- 

j der ſoot. .. = - 

2. july 10th. More moderate: P. M. hove up the ſheet- 
NW. anchor, and got up the yards and top- malls. A, M. over- 
" [hauled the rigging, and ſet it up. Cloudy venting with ſome 

| rain. 

| F * h. July 11th. Bilk wind, and flying clouds. P. NI. 

ſtowell the boats, cleared the decks, . made all ready for 

North. going to ſea. At 6 A. M. unmoored. At » weighed and 

ſailed 3 and at noon the- ſouth Foreland bore NW. diſtant 5 
| miles. | 
Journal from England towards Madeira. 

je K & Courles, Winds. Remarks on O, July 2th, 1772. 

os 5 85 SSW. a W.] N. IW. Little winds and fine weather, STE 

I 2| 3] 2| ... ; Stowed the anchors. Set top. gallant- ſail 
31 2] | and ſteering ſails, 

41 3 * The ſouth Foreland north, N 
513] 2] W.. | 3 | | 
6] 3] 2] | 
73 Tool in Neering ſails and top gallant fails, 

8 3 | North. r N wind and fine weather. 

G 2 6 C 
100 2166 f 

1 312 "oy 4 ETD = | 
12 3 | Weſt. N. b. E Ditto weather. : 1 

L.M-2 | 1 
2.3 WNW. I. Fairlee point N. b. W. about 4 miles, 4 
Nl | 

3] 2 

| : 1 Moderate wind and clear weather. 

* ' 6' | 

p 5 2 | Beachy h head N. bi W. about 6 miles. 

13 514. W. N. eds | 
8] 6| 4].  |Briſk gales and cloud 

1917 1 Took in a reef of each 00h. al 
10 714 Sub: eee f 
in 8] |} ; » eg 

112] 8 4 "3 gembridge Point NW. iv e = 
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ba DAY.S WORKS. Book 
0 Journal from England towards Madeira. . 


Ho. K. . Sener | Wands | Remarks on Þ, Joly tach. 1972, | 
11716] NNW. N. b. E. [Freih gales and flying clouds, 
21716 | Dunnoſe WNW. about 7 miles, 
317.15 |. Wet. | = 
ä ä Ditto weather. 
$4.2 1.4. North, 
617 $ | | 5 
7:4 7:40 |: 1 The bill of Portland NW. b. N. 
8 7 4 WNW. aW. N. b. E. Shortened ſail. 
9 12 ; „ . | 
10 | 6 |. : | 
1116 | 
. 6 Weather as above, 
'Y y 4 3 
297 I-74 
3152 
4 | 4 | {Moderate wind and clear, 
3Y $ | | 
5 412 : The ſtart WNW. 4 leagues. 
218 | i | ; Let out all reefs. | 
8614 3 Briſk wind and ſine weather. 
9 | 6 | 4 WNW. IN. NNE. 5 
5 tO | 6 | 4 [ ; | 1 * 
1116 5 Merid. alt. O's L. L. 619281 8. 
2168 ane Ram bead NE. 2 E. 
C-urfe. DD. L. Dep. | Lat m. Loa. made. Bearings and diſt at noon. 
Nee eg 


_ Here the Meridian alt. of the ſun's lower limb beiog 61® 282 S. the re- 
fraction (55) will be 30“ to be ſubtradted. Suppoſe the height of the ob- 
ſerver's eye to be 21 feet, and the dip. of the horizon will be 47 20”, to be 
ſubtracted alſo. By the ſame art. the ſan's ſemi-diameter on the 1 3th of 
ly, is 15 47”, to be added; conſequently the correction of the ap. alt. of 
he ſun's 1. I. will be 117 to be added; and the true alt. of his center was 619 
4 : hence his true, meridian zen. diſt. was 28? 20 8.; and as the ſun's 
ecl. for that day will be found 2145 N. for the noon of a place 4 W. of 
ondon, the lat. of the ſhip at noon was 50 5 N. The — * lies 
lat. 50% 18” N.: the ſhip is therefore 12“, 5 ſouth of the Ram- head. More- 
over, the Ram-head bearing NE.4 E. by compaſs, the ſhip may. be ſuppoſed 
to have ſailed from thence SW. 3. W.; or, becauſe there are two points welt 
variation in the Channel, SSW.Z W. true: now under 23 points in the tra- 
1 tabſe ; and'agzinſ 12/, 5 in the diff. of lat. col. ſtands 157 nearly in the 
iſt. col. for the diſtance which the ſhip was from the Ram ead at noon, 
and the true bearing of the Ram-head from her is NNE. + E. 7 
Again, the merid. parts to lat. 50*18/, are 3502, 6, and to 50%, 3483, 1; 
of courſe the merid: diff. of lat. is 19,5, which being ſought for in the diff. 
of lat. col. under 24 points in the trav, table, will be found to ſtand againſt 
11', 8 in the col. of departure: 11“, 8, or 127, is therefore the diff. of long. 
which the . ſhip is weſt of the merid. of the Ram-head, the Ram-head being 
NE. from it: and this is alſo the long. made in this caſe. Thus the ſhip's 
place is aſcertained at noon, and her departure (as it is generally expreſſed) 
taken from the Ram- bead. | 


+ *- But the method which ſeamen generally uſe in taking their departure from. 


any point of land, is to ſet the point by the compaſs, and gueſs, as near as 
they can, how far the ſhip is from it. They then take the oppoſite point 
of the compaſs for the courſe which the ſhip may be ſuppoſed to have failed 
from that point, correct it for variation of the compaſs (32), and with this 
courſe and the eſtimated diſt. they find the diff. of lat. and dep. as in any 
other courſe, and diſt. run by the log. | 
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BoOk IX. DAYS WORK S. WS + 
Journal from England toward Madeira. 


Ho] K K Covurtes, | Winds. Remarks on &, July 14th, 1772. 
Pr 8 6 SW. | WNW. Briſk wind and clear, | + 
3,78 
36 | po 
1416 Wind as above: cloudy. 
151651 * | 
6 3 | 4 | SW. 18. WNW. W. | | 
171314 5 | z 
[8 | 3 | 4 | SW.b.S.| W. b. N. Moderate wind and cloudy, Y is 
| 9 | 3 | | 
o 22 * 
111212 Fes 5 
16S W. b. W. NW. b. W. Foggy, with drizzling rain. 
112 
1 f 
4 3 2 
412 5 199 Ditto weather. i 
5 2 F 
„ | | 
7 ( 6] | b 4 
i8|1|6Þ4-: 181, Tacked ſhip. Weather as above. 
9 2 [NW.; N. ws w. Zw. 1 "YR 
110 2 ; | | 
111146 N e Np } 
11424 9 — Light breezes and foggy. _ 
Courie. Du. D. L. Dep. _Lat. in. Long. made. Bearings & diit. at noon, | 
. b. W.| col 58 | 114 | 49977” N. | 09 20 W. Ramh. N 15*%E.dif.24). 


— 


Here, the ſhip being cloſe on a wind, and | Ide Trav.rie 1 ab 
making little way a-head, may be foppoſed 7 EOS Trav. rie able. 


make a point and half lee - way; and the vari- True courſe.Diſt. N. S. E. IW. 
ation being two points weſterly, her courſe b . I | Bang e Janes e 
compaſs is altered 31 points, of the ſum of theſe 1 wi od 122 28.9 2,8 
two towards the left hand, when on tbe ſtar- 4 F 
board tack, and 4 a p-int, or their diff. 8. 4 E. It geg 
when on the larboard, to obtain the true courſes S. b. WW. 2 — 16,3 —| 4,9 
put down in the firſt col. of the traverſe | NW, 7 [429] —| —| 4.9 
| tahle, The diftances to each courſe are addy... 
ed ap, reckoning 8 fathoms to make a knot, 1 | 4,9 63,1 1,51 12,0 
and put in the ſecond col. againſt their reſpec- 4,9 1.1 
| tive courſes ; and the remaining part of the | "LY e a; 
table is filled up by B. VII. art, 36. We I LA 
. In the traverſe table (VII. 67.) 1 find that 58,2 ſtands in the diff. of lat. col. againſt 1 1,5 in 
i the dep. col. under 117 in the courſes; conſequently the courſe made good hy the ſhip for the 


whole day, is S. 11 W. Moreover, under this courſe, 58,2 ſtands in the diff. of lat. col. 
ö againſt ſomewhat more than 59 in the col. of diſtances, which is therefore the diſtanee mate 
good in the whole dy. | | vhs 74 
Again, if from |50® 54” N. the lat. in yeſterday at noon, there be taken 88m. the diff. of 
dat. made. fince, S. there will remain 49% N. for the lat. in this day at noon, by a=- 
count, and which muſt be talcen as the true lat. in, becauſe there-was no obſery- tion. The 
mer, parts to theſe two latitudes will be found 349 3, 1 and 3393, 5: hence the mer, diff. of lat. 
is 89,6, which ſtands in the diff, of lat, col. (under 11%6 ageinſt 174 in the dep. col, : and 
27+ being added to 22* the long. made yeſterday at noon, becauſe both are W.; gives 291 
for the long. ue 7 day at noon. why 
To find how t amhead bears, and its diſt, from the ſhip, tales 3393, 5 the mer. parts 
the ſhip's lat, from! 3502,6 the mer. parts to the lat. of the Ram-bead 229? their 3 
vill be found in the diff. of lat. col. againſt 297, 5, the long. made, in the dep- gal. under 185 2 
conſequentiy the Ram. head bears N. 159 K. trom the ſhip, becauſe the ſhip is S. and W. Tod 
it. Laſtly, 49 77, ſhip's lat. being raken from 50“ 18”, lat. of the Ram-head, leaves 50,5 
2 which, under 15% ſtands againſt oo diſt. 73 miles, or 244 leagues, the diſt, re- 
1 1 | " REDS e 2 . 
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Ho. K. F. Courſes. | Winds. | Kemarks on $, July 15th, 1952” 
t | 2 | 4 NW. b. W. SW. b. W. [Little wind, and toggy weatuei, © 
Þ | 2 | | 
VE NW. WSW. 

6 | 1 | 6 NNW. Weſt. 

72 

7 3 BY NW. b. W. W. b. W. : 
8 | 2 2 | Tacked ſhip, © Thick fog, 
SW. Weſt. | 

1024 | 
m {24 |SW.b.S.{ W.b.N. 

. [Weather as above, 

11116 „ 

4 

314214 

4 16 WSW. NW. [Ditto weather. 

5 1 2 W. b. S. [NW. b. N. ; 

©; 2 | 

3 7 | Very hazy ; litil 
. ery hazy ; little wind. 

9 21 Wb. s. N | wy 
© 1-3} 7 | WSW. 

1 Weſt. North. 1 

. : | Weath. do. mer. alt. O's J. l. 6:225'S. 
Covrfe. Dil. D. L. Dep. Larir, In. Long. made. Bearings & dif. at noon.) 
8.38% [281 17 | 23 48* fog N. 10 1997 W. Ramp. N3o%E.dift. 301. 


Obterving- ehe carcttions given tor working the. two preceding day's works, the several 
operations will ſtand as follow. Ncting only, that although the ſhip ran twice on a NW. b. W. 
courſe, viz. from noon to 2 o'clock, and from 6 to 8, yet that courſe is put down only once 
ia forming the traverſe table from the log., becauſe as the ſhip is at the ſame diſt. from the wind 
ia both, and runs nearly at the ſame rate, the lee-way which ſhe makes, and of conſequence 
| Her true coutſe will be the ſame ;- but the diſtances which ſhe zan both times are added. into one 
ſum, namely, 41 and 31—$Sm. and put down againſt that courſe. On the contrary, when 
ſhe rvas twice WSW. that churſe is put down, twice; becauſe being cloſe to the wind one 


ti me, ard a-point free the other, ſhe would make more lee-way from 
did from g to 10, and therefore the try* courſes would be d 


3 o'clock to 


45 than ſhe 


ifferent; 14 points being allowed in 


67,8 


N 1 18 29m. 
pin o N. zee E. 


2)135,7 long. made=79, m. 


half of each 39,7 


the former caſe, and only Z of a point in the latter. 
: | . 5 The la AVEGSE IABLE. 
Dip. of the horizon 20“ 
Refraftion : — True courſe. Diſt. N. 8. E IW. 
Sun's ſemĩ- diameter 15 47 NW. 2 W. 14 32,8 3. 
App. alt. O's 1.1. 52525 00 8. 8. b. E. TEK. 5 4.6 19. 
T. ue mer. alt. O's cent. 62 35 57 1E. 
True zenith diſt. 27 24 3 8. | 2. 1 | — Ak "et ELON o. 
Sun's declination 21 26 10N. iS « 2 * : 19 
x * IT apron SW, b. 8. W 8 — — 6 2—— 51 
L:titude obſerved 48 50 14 N, : 1 0 , | 
; . p 1 SW. b. 8. 1 W. 2 — — 16 —— 1.2 
Lat. from 49 07 mer. pts. 3393. 5 SW. | | | 6 
Lat. in. 43 50 mer. pts. 3266.9 Derne 
Diff. of long. o“ 5 W. 26,6 9.8026 9| 2,9 25,0 
Long. fram 0 291 W. + | 9.8 {| 240 
b. made 1 104 W. Cour. S. 38 W. diſt. 28m 17,1 122 
5 Fo” the beaJung 1d diſt. at noon, Lat. 3 en _ JIN. 2 
Lat-Ratah: 507 18'N. mer. pte. 25927614 . en N 
Lat. in 43 30 N. mer. pts. 3366, 9 t. in by acc. _45_50 N- 
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Ho. K. IF. Courſes. | Winds. Remarks on U., July 16th, 1777 _ 
if - 3]6 W. bes] North, [Moderate wind and hazy. 

T1412 | 

3 6 WSW. IA great ſwell from the NNE, 

415 * Ditto weather. | 

5 5 Shortened ſail, 

b 5 6 * . 

1711 | 

8314 ; | {The weather as above. 

16014 

15 1 | | 
125 NE. Ditto weather. = 
165 FO TT pts ol - | | 
214] 4 | - L 
31+] . 1 
4| 4 Moderate wind and flying clouds. | 
5 | 4 Sun roſe by compaſs N. 799 30” E. ; 
614 5 a | 
713 Set the top-gallant ſails. | 
TT3T7H Moderate wind and fine weather. 

9| 3 | Set the ſteering ſails. | 
0 24 
11 | 3 | 3 The ſwell continues from the NNE, 
. Dit. weath. Mer. alt. O's 1.1. 6337/8. 
Courle, Diſ. D. I. Dep. Latitude in. Long. made. Bearings & diſt. at noon, 
841“ W. 109 81 71 [4757287 N. 3* oM W. Ramh. N. 20 E. diſt. 20. 

it, At 5 A. M. or 17h. it was 17h. at Greenwich (57): | TRAVERS: IT 

at this time the ſun's decl. was 219 16 N. By working TER 
the log. up to the time, the lat. of the ſhip wil] be found | Diſt. S. W. 
47 4% N. Hence the true ampl. of the fun rifing was ty: 8 . N 70 
N. 57 147 E. ; that by compaſs was obſerved above to be £ 64,4 64,4 
79 300 B.; n the variation is 220167 W. (31) 91 84 | 
or two points nearly. . | k | I2 | 12,0, 

zd. The 165 a e from py 8 towards the 88 W. 5148 | 80, 8 71,0 
muſt carry the ſhip along with it; for this reaſon a 88 W. | eee 
ds Haig in the traverſe, which, variation al- Lat. from 489 Now! - 
lowed, is due 8.; and * 1s ſuppoſed the ſhip was ſet that Diff. of lat. 148. 
way 12 miles in the 24 hours. | 1 . N. 

a The true lat. obſerved will be found 47 28 N.; Lat. in by acc 47 29 * 


and as that by account is 47® 29 N, the diff. of lat. by obſervation, and not that by account, 
is (as jt ever ſhould be) uſed with the departure in finding the courſe and dift. made good, and 


diff. of longitude. 


Lat. fr. 48* 50 N. Meridional parts 3 366,9 3 3 ' 

Lat. in 47 28 N. Meridional parts 3245.5 Long. from 1 19 W. 

Diff. lat. 1 22=82m. Mer. diff. lat. 121, 4, half 60, : 

Depart, | 1 Gives the courſe S. 419 W. a 140. rings 
| | | I _ . Longit. made 3 oOo W. 

Lat. Ram-head 50 18'N, Meridional parts 3 502, 6, + part is wy 


Lat, ſhip 47 28 N. Meridional parts 3245,5 
Dif, of lat. 2 50 Mer. diff. lat. 2571, J part is 82,1 
One third part 56,7. Hence the Ramh. bears N. 360 E. diſt. 70 leag. 


Here, becauſe the meridional diff. of lat. and diff. of long. are greater than can be found in 


the table, one thi:d of each is taken to find the courſe : then this ceurſe, and one third of the 
Froper diff. of lat give the diſtance in leagues, 


* 
> * 
hh 


K * | | | Very hazy. Mer. alt. O's I. I. 643008. 
4 Couric. = L. Dep. Lat. in. Long. made Bearings and ditt. at noon, 


A 


Working the traverte by the tore- The Tzxaverse Tape. 
going g diff. of r Courte, [Ei. N. S. E. . 
52 2 e depart. 19,8, an n 7 r 
| 1 the lat. 98 will be 8 W. : . | ag | 5 
46% 30'N. : but the true lat. ob- S. 4 E. 15 * X : 
' ſerved will be found only 462 5 N. NNW. W. 13 | 11,5 5 FS 
conſequently the courſe by compals, | SSE. 1 E. | if $7 LN , 
or diſtance run by the log. or both ſ——- 5 TR ra 70 
moſt be erroneous, aad there fore the N 115 = 9,020 
reckoning muſt be corrected by one Pots, 3 
oſ the three caſes at art. 81, 82, 93. $0,2 19,5 
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Ho] K. F.] Courles. Winds. | Remarks on 2, July 17th, 1772. | 
: WSW. NNW. od. wind and cleaf. Hauled down. 
: 2 lower ſteeting ſails, 
. ESL N 5 . | 
4 2 f itto weather. | 
- | 
6 3 | SW. b. W. NW. b. W. Hauled down fore-top-maſt ſteer. ſails. 
7 , lued up and handed top-gallant.ſails. 
8 6 Weather as above. | 
9 
10 
12 
I 


ee 2  [|Briſk wind and cloudy, Tacked, 
+ 8. b. W. W. b. S. | ; 


5 - {Moderate wiad and cloudy, 
4 | SW.b.S.| W. b. N. | 
Y.2 $4 
13 18 | 
14 EY | {Squally weather. Tacked ſhip. 
6 2 | | 
7 | 
8 
19 
0 


* 
Y 
* 


odour ont chat abada nero gh att gthnte - ;, 


$1793 Wl 66 | 58 20 [469 25N-. 3*29 :W.|Ramh. NZ E. diff. 91 lea. 


Now 58,2 is found in the diff. of lat. col. againſt 19,8 in the depart. col. 
under 199; which is therefore the courſe by account for the 24h. Conſe- 
quently the correction mult be made by art. 81. Now the diff. of lat. by 
obſervation is 63, which, with the departure 19,8, gives S. 144? W. for 


the true courſe, Moreover, the mer. parts to the /ar. frem, and /at. in are 
32440 and 315 1,7, conſequently the mer. diff. of lat. will be 92, 3, which 


under the courſe 174%, gives 207 for the diff. of longitude. The /ong. made 


.diſtant 91 leagues, © 


Is therefore 30 29 W. and the Ram-head will be found to bear N. 31“ E. 
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F. | Courſes. | Winde. Remarks on h, ſoſy 18th, 1772. 
i South. WSW. [Moderate wind and hazy. 2 
2 4 S. b. E. SW. b W. ; ; 
: $434 | — 
/ : South. WSW. Ditto weather. 
| 2 | 
; : SSE. SW. Az. O'scent. by comp. N. g3567 W. 
7 3 NW. b. N. W. b. S. J Alt. of his! J. of 5 var. obſ. 229 1 2 
8] 3 Weather as above. 
9 2 NW. WSW. 1 
to | 2 
111415 52 | 
2 114 Rainy, unſettled weather. | 
I 2 2 NW. b. N. W. b. S. | 
212] 2 | 
© The | | 
4| 2 Squally, with rain. 
441 | 
63 | 
3-3 3 qi 1164 
826 Weather as above, 
2 ; I | : 
4 2 l NNW. Weſt. 5 
11 | 2 : | / Mo wad! we 
1146 


— 


CTourte. Diſ. D. L. ep. Latit. in. |Long,made Bearings and diſt. at noon. i 


8 WW | 15 [11,7 | 46040” N. [3% 4677 Nmk.N. 34 E. Ziff. 88). 


"1, To work the azim, and from The Tr averse CABLE. 

thence determine what var. muſt True courie. TN. | 5: TE. W 

te allowed in correcting the courſes. E. - 8 — DF 6.1 

y art. £2, iCh5 55, the true alt; of | SE WT” We * 4˙9 | 

le ſun's cent, was 16“. By V. 286. 8E 45 7 1 * 3.3 

the ſun's decl. was 2173 N., and, NW. p N 2 * 21 61 8 F 17,8 | 

wrking the log. up to the time, NW I WW 40 wy 

be lac, of che thip was 46® 9 N. NNW Zw. 3 | | 3's 

Hence (28) the true azim. was N. — —— "I 

1608/W. and therefore the variat. ANY 16,3] 14,3] 20,0 

(31) 22012 W. : confequently two | | [26,3 K 

points may till be allowed in cor- Diſſ. of lat. 15,0] Dep, 1122 

fling the courſes. | | IIWat. from 46* 25. N. m. pts. 3151,7 
zd. Having formed the traverſe Lat. in 46 40 N. m. pts. 317 . 

able, and worked the log, as in the Dit. of long. G 17 W. m. diff. Iat.2 T, 

kin, | gad the diff. of lat. for Long. from 3 2 W. 

tte whole day is 15m. N. and the 8. q * | 

tp. 11,7.W. Hence the courſe Long. made 3 3 


nude good is N. 382 W. and the diſtance 19m. Moreover, the lat. by gc- 
wont 38 460 40” N. and this is taken for the /at. in, as there was no obſer- 
mod. The mer. diff. of lat. is 21,8, whieh gives, under 380 in the courſes, 
7 for the diff. of long. . Conſequently the long. mate is 30 467 W. 


at, Ram- head 50% 18' N. mer, parts 3502,0 
Lat, ſhip - 46: 40 N, mer. parts 2232 


Diff, of lat. 3 382218 10132921 Long. made 1002267. 
One third is 7757 32,9 | 22,65 
lience diſt, is 88 leagues, Bearing is N. 344% E. | 
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Ho. K. F. —Couries. | Winds. Remarks on-©, July 19th 1772. | H 
„ NW. {Moderate wind and cloudy.— F 
SY2 | 2 | 4 SW. W. 4 5 
4 3 2 , 
ke ſr] 2 Weather as above, 
$5j1] 2 
1 6 1 3 14 . SW. b. W. { 
12141 0 | 8 . f 
84 ET Moderate wind and cloudy. 
49 | 4 | 
11 ; 
5114 | 3 . N 
112 | 4 By _ [Ditto weather, 11 
1 * 9 ä 
3 N 12 
321316 | 
F343 1 + 
41316 | : Ditto weather, 
18 4 
a 
; 343 Briſk wind and cloudy, 
i sw. OL CITES eee : 
9343 13 
3 3 S351 | | 
4 |2_ 3 Very hazy, Mer. alt. O's J. I. 6813˙8. 
6 Du. O. U Dep.j Lathe, 1b. Long. made Searnmngs & Quit. at noon; 
S272W 183[73-0] 38,3} 45% 20 N. EE. [Rem E- N33 0. 118], 
A point and quarter is only al-“ Ide Travers: TasLe. 
lowed for lee-way in the WSW. True Courle Dill N. TF. E. V. 
courſe, becauſe the ſhip went faſt a a He contig, ee poke, LOUD et 
head. Half a point only is allowed: GSW. W. n 
| | = *RY 2:14 ::4 | 344 5 
en the SW. b. W. coutſe, becauſe SSW IW. 57 — 150,31 - 26.9 
Me was & point free; and no more SSW. I W. 22 | — 9.6 | — | 94 
than a quarter of a point on the 22 1 OY rn 
SW. : W. courſe, as ſhe was then Diff, of lat. 1 "WE 8. — 
7+ points from the wiod. | Lai. n 31.5 
' On caſting up the traverſe- table,, TLatit. from 3 
It appears that the diff. of lat. is Lat. in by ace. . 26,N- b 


only 731 m. S., conſequently the >... . 1 
lat. by account is 45 264 N. whereas the true lat. obſerved will be found 
ho more than 45 200 N. Now to correct this error, and determine by which 
the three cales (81; 82, 83.) it is to be done; as there has been no obſer- 
ation fince the 17th, take the diff. of lat. made the 18th from that made the 
gth, one being N. and the other 8., and the remainder (58,6) will be the 
iff. of lat. made good on both days: alſo add the two departures togethet, be 
eauſe both are W., and the ſum (50,1) is the 1 robe for both days. This 
diff, of lat. and dep. give 8. 41 W, for the courſe; the correction moſt there- 
fore be made by Caſe III. This courſe by account and 65, diff. of lat. by 
obſervatjon, gives 55,8 depart. balf the ſum of this and that by account 1s 
52,9; this depart. and 65 diff. of lat, by obſervation, give 8. 39W. for the 
true courſe. This courſe and 93,4, merid. diff, of lat. by obſervation 
give 75/4 diff. of Jong, for both days, which being added to 3 29/4, the 
long. made on the 17th, gives 4 45 W. for the 1, g. made on the 19th. The 
bearing of the ram-head N. 33 E. and diſt, 148 leagues, will be found in 
the ſame manner as vn the preceding days, WEE! | 


„ 
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Ho. K. F,j. Courſes | Winds. ,Kemarks on ) » Joly 20th 1572, 
ils {4.| SW.6.W. | NW.bW. Moderate wind and clear. 
39 414 | 
313 1 * « ts Te: 
41+ 74 Light airs intermixed with calms, | 
ET WNW. |Tried the current which ſet W. b. N. 
612 | 4 2 N. J of a k. an ho. 
11314 Brifk wind and cloudy : took in a reef} 
. of each top- ſail. 
934 SW. b. W. NW. b. W. 
10 6 
11 : Took in 2d reef of the topſails, 
12 3 S.W. WNW, [5qually, with heavy rain. 
i112 | sw. b.Ss. W.b.N. [Handed the mizeo top-ſail. 1 
4245 {Cloſe reefed the ſore top-lail. 
2 4 
: 2 a | Squally, with ſhowers. . 
) 05 . 5 . 
6 4 | 4 | SSW. Weil, [Cloſe recfed the main top-ſail, 
F | G 
8] 4 Heavy ſqualls of wind and foggy, |} 
9 3 South. WSW. saw cape Ortagal S. b. E. about 7 le. 
1026 | 
11] 2 | Handed the topſails. 
2 . | Strong wind in ſqualls. 
[Court | IAI. D. 1.1 Dep. Lain. in. Long. made. Bearing & dtit. at noon. 
Sci5W.168| 67 | 11 44 13, N. 5 W Nn. N30 E dH. Tall. 


In working this day's log. the fol- Tue TrRaverss Tarts. 
lowing particulars mult be obſerved. ]|TF;1- Courle Dill. N.] 8. E IW. 
Oaly 14 points are allowed for 3 58 „ 
le- way whilſt the ſhip was running S. b. W. W.] 14 [—j13,2] — | 47 
oa the firſt SW. b. W. courſe, becauſe, 8 5 11 19,9] — 1 
alhough ſhe was clöſe-hauled, the 8. b. W. W. 1 3 
vent well through the water, which |, g W. 3 3.0 — 
may therefore be ſuppoſed to have 8.1 E. 13 — 112,9 1,9] — 
been pretty ſmooth. 8. S. E. 124 — 111 4,6] — 
A point and half is allowed on the g. E. b. | 10 5.6 8.3] — 
brit 8. W. courſe becauſe we may [Curt. W. 18. 1 5 17.0 
preſume the ſea-began to have more | 12 — 
motion; and, moreover, towards the Diff. latit. Fin 148 
latter end of the time a reef of each eee Rs 1 * — 
top-ſail was taken in. POET . 
The ſecond time the ſhip went on Latitade 1n 44 13 N, 


theſe courſes 13 points were allowed, becauſe ſome part of the time tne 
topſails were double reefed: the ſame quantity is allowed on the SW b $, 
courſe. On the 8. S. W. courſe two points were allowed, becauſe the topſails 
vere cloſed reefed; and three points were allowed when ſhe went ſouth, be- 
cauſe the topſails were handed part of the time. 

The current ſetting W. N. W. by compaſs, or W. S. true, 3 of a mile an 
hour, or 18 miles in the 24h; it is put down as if it were a courſe and diſt. 


run by the ſhip, and worked as ſuch. The remaining parts of this day's 


work are performed in the common manner; and the reſuits will be found 
a they are put down. under their proper titles above: the lar, by acc, being 
taken as the true lat. becauſe there was no obſervation, - | 


through the water; which acting on 
the rudder brings ber head again to 


the wind : thus the ſhip has a kind of vibratory motion, coming up to the 
wind and falling off from it again, alternately. Now the points of the com- 
aſs which ſhe comes up and falls off to, are noted, and put down in the 
nc in the manner they are above at the hours 8, 9, 10, 11, P. M. and the 
middle point between them taken for the ſhip's coarſe ; on which the proper 
lee-way and variation is to be allowed, and ſuch diſtance as ſhe may be ſup- 
ſed to drive. In the inſtances given above 6 points have been allowed for 
ce-way, and the ſhip has been ſuppoſed to drive a mile an hour. There! 
nothing particular in he remaioing parts of this day's-work : the ſeveral tc · 
ſults are as put down under their reſpective titles. | | 
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Ho. "GTX Courics. Winds. [Rema ks on &, July 21ſt. 1772. 
11 S. db. W. W. b. 5. [Strong wind and foggy. _ 
$1} 2 
$ 1-3 Wore ſhip. C. Ortagal S.W. cor6m 
£7 3 N.N.W. Weſt. [Weather as above. 4 2 
83124 | 
6] 2 | Hauled up the main-ſail. 
7 14 2 ̃ Brought too under the miz. ſtay. ſail. 
8 [Up NW. of NNE. Variable. 
9 [Up NW. off N. b E. Wore ſhip. Ballanced the miz. & ſet it 
10 UN W. b. W. off WSW. | 
11 JUp WNW. of SWbW. Set the fore-ſail, 
112 3 | W. S. W. Eaſt. ore moderate. 
1 | | Set the main-ſal, 
Bi £ | 
316511 | a 
1143 {Moderate wind with rain. 
1314 \ Set the top-ſails, 
6 | 3 | 
- | 3 W. b. s. Let a reef out of the top- ſails. 
44314 Weſt, Moderate wind with rain. 
v.13 
lo | 2 Let out all reefs, 
1112 | | 
in] : The Groyn Lights, SE. b. S. 4 or le, 
Courle. Di. D. L. Dep. |Latit. in. Long. mad Bearings & diſt. at noon, 
8.3 W. 25 25 | 15 348 N. S 10 W. Ramhb. N. 200 E. diſt. 140 
' in working the thele 24h. |. 'The I'ravBrset 1 aBLE. 
itis neceſſary to remark thatz* points q TDi. iN. 5. E. T W. 
are allowed on the S. b. W. courſe, be- 8 - ry 65 
cauſe both top-ſails are handed: the S. EE. ee 
like quantity is allowed on the N. N. N. ZW. 8 [8,0 os = 0.8 
W.coorſe. | „ NE. |. b —1o6| 
When a ſhip is brought to, as itis | AN Bog | 1 % = | og} 
uſually expreſſed, the tiller is put | SAW fileodi ao) — te 
cloſe over to leeward, which brings SAE. I || 1,0] o, 1 . 
her head round to the wind. The] S. W. 31219 Inn 
wind baving then very little power | g W. b W. 3 |= 107 — | 2 
on the fails, the ſhip loſes her way | wy S. W. 13 | —={ 5,0] — * 
through the water, which ceaſing to 5 
act on the rudder, her head falls of 9,7 [3414] 5» le 
from the wind, the ſail which ſhe has . a . 8 
ſet fills, and gives ber freſh way Diff. of latit. 24 7 315 
Latitude from 


44? 1;/N. 
Latitude in 2 N. 
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HoT. K.|F. |_C Courtes. |. Winds. Remarks on &, July 229, 22. 
f Calm and cloudy, | 


| 


\ Ship's head round the comp. | | 


- - 
— — 
- 
S So OS — —ů — — 2 — 
—— 


WSS 


| | | | 
b Calm and foggy. 
35 ; 8.b. E. S. W. b. | 1 
2 | | 
fe [Little wind and f. 
12211 [Little wind an oggy. 
2% N. w. N Variable. 
12 6 9 
aÞ | ; 
1131 2 (Ditto, and hazy. 
6 2 | N. N. W. Weſt. f | 
6 2 | 
7 2 | S. S. W. | 1 
1 123 | Ditto and fine weather. 
2 ö . | 
2 | 
2 ' 
5le, u 2 Flying clouds, Mer. alt. 9's 1.1 6523/8. 
_ Core Cote Dit. DL. Deo Laut. in. Lon. madeſgearinęs and aitt. at noon. 
2 5.23. g. K. | 4 | 2 43735 N. 15947 W.jRamh. N. 30% E. diſt. 15 lea. ' 
de dip. of tne horizon 4® 20 he TRAVERSE LABLT. 7 
defraction 26 True Curie. Diit.] N. [S. [E. | 
dam 4 18 E. — — — — 1 
te ſun's ſemĩ- diam. 15 4 8.E. E. | 6|—| 3,8 4:6, —_ 
Viference 3-3 N.W. 117.8 —|—| 7,8 
App. alt. O's JI. J. 66 23 08. N 4 
ne alt, O's center 060 34 3 F . 
s zenith diſt, 23 25 578. 1153153 8, 37 
dms declination 20 9 11N, | i 2 1 
jtude obſerv. 43 35 dN. Difference of Latit. 450 1,0 
The latitude, by account, dif- Latitude from 3 48 N. 
nag 9 miles from that obſerved, Latit, by acconnt 4.3 44 N. |; 
E reckoning mult be corrected, Rs 
in the following operation. 
ee 


) the 2oth. 67,2 11,3 


Tee ! the 21ſt. 24.2431, 5 

2 che 22d. 40 . 1.5 

in the 95:9 444 theſe give the courſe S. 23 W.; 3 conſequently 
ad the correction muit be made by Caſe 1. Art. 81. 

roper I tade from 4520 N. Meridional parts 3058, 3 

e ſup- {rude in 43 35 N. Meridional parts 2911.2 

ed for Ei. lat.10G;=12 45'} Merid, diff, lat. 147,1 Dif. of lon. 1%. 
here 11 WWparture 44.8 : Courſe 8.23 W. .— rgth 4 45 


Longit. made 5g 4; 7 W. 
d the Ram-head will be found to we N. 30 E. and be diſt. 135 leagues, 
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RE Courics. | . Winds. | Kemarks on T, July 23d.-17972, | 7 
12 7 W. S. W. N. N. W. Moderate wind and hazy. e N 
2 3 n ; | | 
3 | 3 
& 1 2 5:6 North. [Ditto weather, 
244 
51241 
912114 , | 5 - 
844 N. b. E. Cape Finiſtere S. S. W. 6 or 7 leaghes, 
„ 2 . w. 
1031 6 : 
ds 1 3 6 If 
12316 Weather as above. 
11316 NW q 
2314 £ 
S433 +4 T 
4 | 3 5 Moderate wind and flying clouds, 
$43 | 
944 About; paſt 6 A. M. ob. the diſt. of ö 
54414 the neareſt l. of the O& 9 84®34/2;”. 6 
85 App. alt. O's I. l. 197 5, the app. al. 7 
9 5 of the D's u. I. 59. Hence the 8 
10 5 | | lon. of the ſhip by theſe ob. is10%8/W 9 
8 Error of the ace. in long. 431 too much. io 
1. | | W. as above. Mer. alt. O's l. l. 65288 1 
{ Courſe. Diſ. D. L. Dep. Lat. in. Long. made.] Bear, and diſt, at noon 2 
8.20 W888 78 | 42 | 42? +8'N. | 69 45'3W. | N. 40*E. did. 185 |. { 
The ſhip going large the Whole 24h. no lee- | The Trnaverse Ian 97 
way is to be allosed in working the log. RF i d 5 
In deducing the longitude of the ſhip from Eva RAG 252 Gy 
the obſerved diſtance of the ſun and moon, 8. vy _—_— 7 
the ſun's ſemi-diameter found in the Nautical | 6 8. W. 68 ; 1 5 Th 
Almanack is 15”48”, that of the moon 1,5 5//, | : 3 25: 907 
and its augmentation, according to the alti- Diff. of lat. 28.82 log 
tude (56) 14“; hence the apparent diſtance of e _ (1 188. 20 
their centers was 850 5” 22”, the apparent Latitude from 43 35 N. the 
altit, of the ſun's center was 19 27“, and that Latitude in 42 17N. i 
of the moon's 589 41”: and it will be found N day 
(109) chat the arch a was 25 34, the firſt correction ＋ 2 13”, the ng; 


ſecond - 14 o, and the third go 1/7, The true diſtance was therefor: 
$4* 537 36”, and (110) the time at Greenwich 19h. 14m. oof. at this 
time the ſun's declination was 197 59” 36”N, and by working the log up 
to £ paſt 6 A. M. the latitude will be found 429 z3'N, and laſtly, the tru 
altit. of the ſun was 19® 24' 24”: hence the time at the ſhip was 18h, 33: 
28ſ. and the long. 10* 8'\V, 

It will be found, on working the log, that the ſhip made 44'W. diff. of 
long. from noon, the preceding day to + paſt 6 A. M. which gives 6% 
for the long. made at the time of obſervation ; add the long. of the Ran 
head, 4? 20/W. and their ſum, 10% 112 W. is the long. of the ſhip h 
account ; conſequently the reckoning of long. is too great by 43 f. | 

Again, becauſe Cape Finiſtere bore 8. S. W. by compaſs at 8 P. M., ü 
ſhip was then under the ſame meridian. By working the log yp to tl 
time the long. of the ſhip was 10? ]2 W. which is the long. of Cape Finls 
tere by account, and allowing 43:/ for the error of account there will i 

main 9® 481 W. tor the long. of Cape Finillere by the obſervation, 


1erefore 
at this 
log up 
he true 


1, 330 


diff. o 
31 
he Ram 
> ſhip b 


. M., tl 
| 
| . 
— ill! 
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K. [F. Courſes. Winds. Remarks on 9 II 1111 
- S. W. N. E. Briſk wind and clear weather. 
6 | 5 
: Weather as above. 
7 Obſerved azim O's cent. N. po]. 
7 & che alt. of his 1.1 75 Mar. 20% W. 
6 6 Weather as above. | 
6 | 4 5 
64 3 
7 Ditto weather. | 
1171 | | ; | 
2310184 | 
3] 6 | 1 | 
4 - Ditto weather. 
5 | | 
6] 6 Abou: paſt 6 A. M. ob dift. limbs fon 
7 | 6 & Þ 7313˙54%ñ alt. Ol. l. 20% 5 Salt. 
816 of p 's u. I. 0441. long ded. 1125 
9 6 | Briſk wind and clear weath, [ZW. 
10 
11 6 Kd i | 
2 6 Merid. alt. ſun's 1.1. 699 31'S. 


WE 
Courſe, DifſD. L. Dep. | Lat. in. Long made Bearings & dif. at noon. 


2 W. II 50 136 | 63% | 409 2 N. | 8% W. [amb N20 Ecdid.2351 
oh 3 rs = . 1 at The lraverss TABLE. 
xenwich(57)conſequently the ſun's decliv. Truę Con Fr 
from the — ns was 19% 53'N, _— wha BR Tos. | 
The corrected alt. of the fun will be found | 150] 36. 9:44 | 
$*1/.and the lat, of the ſhip; by working the Diff. of lat. 2% 19'S, | 
log up to 7h,, 41239/N,” Hence the true azi- Lat, from 42 18 N. 2806,0| 
math was N. 70% W. and the variation of [Lat. in 40 O N. 2625.3 
the compeſs 20 90 W. And, allowing this Diff. oflong. 124 Ww. 187 | 
variation, the work! of the log for the whole Long. from 6 45 W. ö 
tiy will be as in the margin: the two iati- Long. made F C W. Hence| 
tudes agreeing exactly. 2d. By working the the Ram head deore N. 205 E. 
log up to 4 paſt 6 A.M. the lat. of the ſhipat } 5c 2 c leagues. f 
that time will de found 40 32 N. and the 2 — — 
long. correfted according to yeſterday's obſervation 11923 W. The eſtimate 
time at Greenwich will hence be 194h., when the ſun's ſemi- diameter, in the 
Nautical Almanack, was 1548”, that of the moon 15/737 her horizontal pa- 
nllax 65 11% and the augmentation of her diameter (56) 15“, Hence the 
app. alt. of the O's cent. will be found 2037, of the moon's 64*22/, and 
| the app. diſt. of their centers 73045. From theſe dag, the arc a (tog) 
vill come out 302? 1747, the 1ſt; correction of the app. dilt. +2” 7”, the 
ſecond 5 38”, the third+0/ 1%, and, confequently, the true diſt. 7,9 41” 
£307; which gives (110) 19h. 28/ 5” for the app. time at Greenwich when 
the diſt. of the) and © was obſerved. At this time the declin. of the fun 
Will be found 19 47'N. with which, the lat. of the ſhip 4032 N. (as above) + 
Ad 20 25), the ſun's true alt. the time at the ſhip will be found 1842/24,” - 
K. diff of thoſe times is 45 41 211264 W. the Jong. of the ſhip. and tnere- 
re the errar of account is by this obſervation. 454 too much 
Vox. II. | Cc | 
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He. K. [T. Curie. Winds My Kelnaiks Us Hy, jury 25Th 1772. 
i:] S. W. N. E. Briſc wind and clear weather, 8 
264 8 
364 b 
4 7 | Ditta weather . 
5 47 | 
D137 i 2 
4 — 1714 . | 
| 7 | | Briſk wind and hazy. 
917 | 
410 7 
11 6 4 
1263 Ditto weather. 
1194 | | 
1: SE WB | 
31544 a 
41614 Ditto weather. 
55412 
6 | 6 
| 7 | 6 | ; PEI . 
816 | Briſk wind and cloudy, 
916 ß. W.b. W. 
10 6 
11 6 8. W. b. S. | 
1 | Ditto weather, mer. alt. O's 1. I. 51 40'S. 
_ourle.|Diſ L.LjDep. Lat. in. Cong. made.] Bearings and Ott. ac noon. 
2 WII 8e 142 66 3 40 N.] 4 W. Ram. h. N. 28: E. du. ole. 


This Day's work will ſtand as follows, Fr.. 


Dip of horizon 4720 True Curie. |Difſ 8. | W. 
Re fraction 0 18 8. z gew. 30e 90, 6342, 20 
Sum 4 38 1 33] 29,911" 3-95 
Sun's ſemĩ-dĩam. 15 48 S. 36 W. | 12] 9934] 7205 
Difference 11 10 8. 4. 211.642 
App. alt. O's 1. 1. 71 40 00S. I 2)]141.59j69.16] 
True alt. center 71 51 10 8. 23 W. | 58 79,94 33-8] 
Zenith diſtance —18 8 508. e 1 

Sun's declination 19 3 . Diſtance 156, ER 
Latitude in 255 37-39 52N. Meridional parts 2443,66 
Latitude from 40 2 ON. Meridional parts 2624.5 

Diff. of lat. obſerved 2 22 8 Merid. diff. of lat 131,0 

Half the diff. of longitude 423 e Bee 
Difference of . 10 Aw. % 24, 
Longitude from | 8 gw. 

Longitude made „ 


Lat. Ramhead 530 18 N. Merigional parts 3502, 6 
Lat. of the ſhip 37 40 N. Meridional parts 2143.0 b 
Prop. dif. of lat. 12 38 - Merid. dif, of lat. 1059, Long made =, 34 


One tenth part 75,8 425,90 57•9 


Dae tenth of diſt. 86,3 miles. Bearing N. 26-*E. 
Journal 


Whole diſtance 288 leagaes. 


wn 


* 
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Ho. K. F. TCourtes. | Winds. Remarks on ©, July 25th 1772. ; 
T S. W. N. E. ric wind and cloudy. 
2464 7 Se Ws 8 a 
3154 5 
SiS | 4 Briſk wind and cloudy. 
519] 4 | | | 
6 - 4 : Variation obſerved by azimuth 19911'W, 
7 4 b | 
86 6 Briſx wind and cloudy, 
916 | 4 16 
ESSE ED , 
11163 
1214614 Briſk- wind and flying clouds. 
11514 5 1 a 
275 | 4 g | 
BEN Ditto weather, 8 
144 At zm. 16. after 4 A. M. by wa. ob. diſ. far. 
516 I. of the) from @ Ariet- 40%33'437,alt. of 
6] 6 a * Ar. 658551. &that of the ) s l. I. 29% 4.35» 
5166 At. 3m. 34ſ. by wa. alt. O's I. l. wa, 1053“. 
81514 Weather as above | 
9015} 2 {5aw a fail in the N. E. quarter. 
10 1 2 85 c 
1 6 3 Ditto weather, mer. alt. O's l. l. 73678. 
our ſe. DnB. Lat in. Cong. made Bearings and ditt. at ann. 
ee EE | o „ [Ramhead N. 27 E. wit, ag. 
S:. W140 128|68 [35 3 N. 10“ 13%" W. Pussel Ke apoE. int. 334 leag. | 
The merid. alt. obſerved this day gives 35* A. . 5 
zor N. for the lat. The true diff. of lat. ob- The T. en ee, 
ſerved is therefore 129.5, which with the dep. [True courle [Dit SW: 
69,1, gives S, 27% W. for the true courle ; . 
and this courſe with 161,4, the true merid.| 8. 28 W. Lo 28.0058. 1. 
diff. of lat, gives 85 for the diff. of long, W, þ —— — — 
The long. made is therefore 10% 59 W. Diff. of latiiude 2 88 
tn order to deduce the true long. of the Latitude from 37 40 N. 
ſhip from the obſerved diſt; of the moon from Lat. by account 35 32 N. 
« Arietis, the app, time found from the - 


alt. of the ſun at 6h. 32m. 447, A. M. was Gh. 29m. 32ſ. conſequent- 
ly the watch was 3m. 1255 too faſt, asd therefore the app. time when the giſt, 
vas obſerved was zh. 59m. 4ſ. or 15h. com. 44 At which time the ) 's 
horizontal parallax was 50023 her ſemi- diameter 15/22”, its augment. ac- 
cording to her alt. 8”, and, conſequently, the app.dift.of the ſtar from the) 's 
cent. was 40% 1870 13/, the app. alt. of her cent. 299 55“ and that of the ſtar 
be? 921. Hence the arch a comes out 389 35, the firſt correction — 124%, 
the ſecond— 44 50, and the third + 21“, wherefore the true diſt. was 39933 
13% and (110.) the time at Greenwich 16h. 55m, 577. the diff. between 
which and the time at the ſhip, found above, is 5m. 53. 2 14 133 W. But 
by working the log up to half paſt 6 A. M. the time when the ſun's alt. was 
taken, I find the long. of the ſhip by account was 15213 'W. the error of ac- 
evant is therefore, by this obſervation, 484 roo much, By the iſt obſervation 
ü was 431, and by the ſecond 45%; the mean of the three is 453. It may 
hence be concluded that the true long. made this day at noon was only 10 
iW. The bearing of the Ram-head will therefore be N. 27%E. ditt. 332 
kagues, and that of Funchal in Madeira, the lat. of which is 329 37 N. and 
long. 17% 06'W., 8. 30% W. dif. 72 leagurs. 
| C 
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Journal from England towards Madeira. | h 
o. K. F. Courſes. | Winds, "Remarks on D - Joly 27th, £758. | 
111514 SW. NE. Moderate wind and cloudy. g 
2 54 | | 
35 SW. b. S. 
4416 Ditto weather. 
5443 | 
6413 : | 
24 : | 
1846 Weather ſtill as above. | 
945 | | 
0 4 5 ö . | 
mn]s K 
124514 Mode rate wind and hazy. | 
ris | | 
} BE- | | 8 
34 ö ; | 
4|4 | | Ditto weather. 
>) + 21 , 
614 |4 | | | 
714+ | 4 Eg | 
2314121 Moderate wind and hazy. 
945 | : At ꝙh. i 3m. 4ſ. by watch the alt. of the 
1 | ſon's I. I. was 485347, and the az. of his 
111413 AER | ſcent. S. 63 E. At 11h. 4519“ the alt. 
12146 | his I. l. was 74921”, Cloudy weather, 


Couric, [Dif. D L. Dep. | Latit. in-_ Long. made Bearings and diſt. at noon: 
SI WII I 5106 34. | 339 417 N. [io Fg W. Ramhb. N. 20% E. aſt 3701. 
Allowing 179 W. var ation the traverſe table The TRAVERKSE TABLE. 


will ſland as in the margin where the lat. dy True courfe.|Ditt.| S. W. 
een ce S 285 W. 11 gn ga 
Th: firit of the altitudes taken this forenoon, 98 W. 7h L 
when corrected for dip. of the horizon, refrac-!2.17 29 
non, and ſemi-diameter, will be 48533“: 1,3 347 
the angle comprehended between the bows Diff. of lat. 1 4bYS, 
bearing at that time, and the courſe by com Lat. from 30 30 N. 


paſs, is 97%; which, with 12 miles, the diſt. 
run between the obſervations, give 14 diff, of, | | 
lar. to be ſubtracted; and therefore the fri altitude, when reduced to what 
it would have been if obſerved where the ſecond was, will be 492 3'. The 
fecond altitude, when corrected for dip. &c. will be 72% 42“; the interval 
between the obſervations zh. 32m. 151. the lat. of the ſhip by account at 
the ſecond obſervation was 330 45. N. and tbe ſon's declination 199 N. 
Hence (75) the true lat. of = ſhip, at 3 paſt 11 A. M. will be found 33? 
42 N, : and as ſhe made about a mile ſouthing afterwards, the true lat. of 
the ſhip at noon was 330 41 N. According to this, the true diff. of lat. was 
109, , with which, and the dep. 34,7, the courſe made good is 17% W. 
and the diſt. 115m. This courle, with 133,0, mer. diff. of lat. give 42 for 
the diff. of long.; and, therefore, taking the long. made yeſterday to be 
10% 132% W. as corrected, by the lunar obſervations, the long. made this day 
will be 10 55 W. and hence, the Ram-head bore N. 26* E. and was di 
370 leagues. 44 6 1 x | 


Lat. by account 33 44 N. 


! 


co 


Y "= * 
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Fournal from England towards Madeira. 


In working the log for theſe 4 285 ide Travenst TABLE. 
welt variation are allowed, and alſo 10? for rue Courie Diff. 
lee way on the latter W. b. S. courſe, becauſe Ate n HR ee 


— 1 — 


Ho, K. VP. Courſes, | Winds, [Remarks on & July 28th, 1772. 
42 S. W. | N. E. Moderate wind and hazy. 8 
26312 W. .S. | 

313147 | | a a 
4413 - ; Moderate wind and clear weather. 
1 3 | 

; 4 | 2 | | 
[17142 | Land ſeen from the maſt-head, which we 

9844 Weſt, | take to be Porto Sano, | 
1913] 4 ET, Weather as above. b 
10] 4 +'s 25h 
1113 W. is. 1 ; 
124 3 78 Weather the ſame. : | 
11] 2 , | 
12] 1, | | 

3] 3 | ; f 
44342 Moderate wind and hazy. 

591314 .\ 

713] 4] 3 3 | 
18] 3 | 4 | Porto Santo N. W. b. N. 1 
+ 58 4 4 | Weather as above. 4 
of 3] 4 | W. b. S. N. N. W. Porto Santo North. 
11412 At noon Porto Santo N. E. LE. Fonchal in 
43 1 Madei. W. b. S. Merid. alt. O'sl. I. 75% 08. 
(Courſe, Di D. L. Du.] Latit. in. Long. made] Bearings and diſt. at noon. þ 
5635 W 5237 | 73 3248 XN 12 102 roche S. 62. W. dill. 8 lea. | 


the ſhip was then only ſeven points fromthe | Gg gow, | , | 3.5 1.9 


wind, The traverſe table will be as 1a the 8. 62 W. 
margin, where it appears that the diff. of 8. 5 W. 7 | "0 or 


latit. by the dead-reckoning will be only S. 67 W. 32 [12,5]29,5 


33m. whereas, by the obſervation, the ſhip | 8. c2 W. 475 
has made 52, m. the latit. obſerved bejog 22 Wer 2 8 
3248.7 N. To correct this, I fiad the courſe 32˙3122˙7 


made good, according to the dead - reckoning, is S. 63 W.. the correction muſt 
therefore be made by Caſe II. ($2) and the diſt. by dead - reckoning will be 
fopad 82 miles. This diſt. is found agaioft 52 5, the diff. of lat. by obſer- 
vation, over the courſe 8. W. and againſt 62,8 in the depart. col. Now 


the ſum of the lat. from and lat. in is 66 29%; half of which is 330 15% the 


middle lat. and the compr. of this is N 45" ; over which, as a courſe, and 
againſt 62,8, depart. ſtands 75 in the 
quently the /ong. made this day at noon was 129 10'5W, Hence the Ram- 


bead bore N. 27 E. and was diſtant 393 leagues. 


Again, Fonchal, which is in latit. 32? 37 N., bore W. b. S. by compals ; 


i/t. col. for the 4%, of long. and conſe- 


that is, S. G2 W. true: and, the latit. of the ſhip being 3248“ N. the diff. 
of lat. was 11,5, and the meridional diff. of lat. 13, 7: the ſhip was therefore 


243m, diſt, from thence ; and eaſt of it in Jong. 257; conſequently tae longit. 
of Fonchal, by this account, is 169 56'W. of Greenwich. - 


e 
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A +P PR I DOE &, 
Containing the principles, upon which ſame of the preceding precepts 
s are founded. | 
124. 1. The Theory of Davis's Quadrant. Plate XIV. Fig. . 
o ſhew that the arcs DF + HC make the zenith diſtance. 
The line Allis horizontal. | . 2 
Therefore the arc aH =height of the Sun above the horizon, 
Now the arc Vu arc FE + BH. | . 
Alſo the arc 4/c=9o? ; alt. and zen. diſt. taken together. 
+ Therefore the zen. diſt. arcs d HC arc DF + HC. mY 
125. Aliowing the Sun's ſemidiameter in uſing the Shade vane. Fig. 10. 
AB repreſents the Sun, the center of which is c, and its rays pals 
over the top of an upright wall pe, It is evident, that no part of the 
Sun can be ſeen from a, and that the whole can but juſt be ſeen from 
5; the ſhadow will therefore begin to terminate at a, and wholly end at 
6, going off gradually from total darkneſs at à to total brightneſs at b, 
neither the beginning nor end of this penumbral part being perceptible : 
conſequently, neither the upper or lower limb can be obſerved accurately; 
but we ſhall be able to come nearer to one or the other, the brighter the 
Sun ſhines. On account of this uncertainty, ſeamen are obliged to take 
the middle point between theſe, which gives the altitude, or zenith diſt, 
of c, the center. Nothing, therefore, muſt be allowed for the Sun's ſe· 
midiameter. | | Fe 1+ + 
220. II. Of the Theory of Hadley's Quadrant. 
To what has already been ſaid of this moſt excellent inſtrument; it has 
been judged proper to ſhew alſo, upon what principles it is conſtructed. 
A ray of light AB falling on a mirror, rr 5 
liſhed plane, Er, will be reflected in the line | 
e, ſo that the angle of reflection p8c, ſhall be 
equal to the angle of incidence DBA, DB being 
perpendicular to EF: or FBA is equal to /_EBC., 
tet the angle of incidence DBA be 30?, the 
angle of reflection psc will be 30“ alſo; and 
the like in other inclinations. | | 
If while the radiant a remains in the fame 
place, the mirror EF, by -evolving round B,  <£. 
moves into the poſition fe; then the alteration 
in the angle between the incident and reflected 
ray, will be double to the angle ſhewing the _ 
change of poſition in the mirror, 5 
Suppoſe the mirror changes 10 from the ra-. *© 5 
diant, then the perpendicular Bo goes 100 farther 3 
from the radiant A,. into the poſition Bd; and the f 
incident angle dn A is 40%, and the reflected an- C. 
gle ne is 409; io the angle ABC is altered from 
60 to 80; a difference of 25®, for 10? change N 
of poſition in the mirror. F 
Suppoſe the mirror to change in poſition 105 
towards the radiant A, then the perpendicular | 
is changed into Bd, 10% nearer to the radiant. And the angle DBA 
of 3o® becomes dz A of 209= 4 dBc; fo that the angle arc 0 40 
3 | : whereas 


|) 


ln 
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whereas ABC was 60“; that is, by altering the poſition of the mirror 


© the Sun, OG a ſolar ray 
reflected from G to x, and from 
F to E. the place of the eye : 


Or (416c=)416®© + 4, ©GC=24BcD + ACGL; 
Then £160 SEI eo. . | 


128. III. Of the Dip of the Horizon. Plate XIV. Fig. 12. 


The eye being raiſed above the level of the ſea obſerves an horizon 
below the level of the true one. | 

Thus let asf be the ſurface of the ſea, Es the height of the eye above 
that ſurface, and Ar the obſerver's horizon. Then the eye looking along 
ra for the horizon which dips below the true one by the arc aa, the 
apparent altitude aB of an object B muſt evidently be leſſened by the 
arc Aa. But if the obſerver has his back towards the object B; then 
looking along the line ef, the apparent horizon now becoming the line 
ft c, and dipping below the true one by the arc FF, or ac; it is plain 
the apparent altitude c B is too little, and muſt be augmented by the arc 
Ac=F f. | 
rte endy in the fore obſervations, the altitude muſt be leſſened by 
the horizontal dip; and in the back obſervations, the altitude muſt be 
mcreaſed by the dip; but in zenith diſtances, add the dips forwards, and 
ſubtract them backwards. 


129. To compute the Horizontal Dips. | 

Let © be the earth's center, E the eye, and the tangent EV meeting 
the ſurface in 7, where the ſky and water ſeem to meet; then FE is 
a triangle right-angled at /, in which are known c f=cs = 20899059 
feet, the Earth's ſemidiameter; and cE=(cs+S$E) the height of the 
eye added to the Earth's radius: Then as CE: rad. :: Cf: fin. CC E, 
the complement of which is the CE, the dip. ſought. 


/ 


—_— 


* Mr, William Payne, 
CE C 4 re IV. Of 


—_ 
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130. f IV. Of KRefraction. 


Celeſtial objects, the nearer they are to the horizon, are ſeen through 
a larger portion of the atmoſphere, and conſequently have a greater 
quantity to be allowed for refraction, than when they are ſeen with 
greater altitudes. | 
Tables of teftaction have been given by many aſtronomers, but that 
which is eſteemed the moſt correct, was formed from the obſervations of 
the late celebrated Dr. Bradley; who alſo found a rule for correcting 
common tables of refraction: which is, 5 | Aa 

Increaſe any given altitude by thrice the refraction on that alt. 

T hen to the log. co-tangent of that ſum, add the log. 1, 75587. 

The ſum leflened by 10 in the index is the log. number, of b 
in the refraction; which is more correct than the table. ; 

Here 1,75587 is the log. of 57” the mean refraction on an alt. of 459. 

This rule is fitted to a mean warmth and weight of the atmoſphere, 
viz. to the height 50 in Farenheit's 'T hermometer, and to the height 29,6 


of the Barometer. For other ſtates of the air, Dr. Bradley gate a rule 


for a farther correction; but it is apprehended, that neither of theſe cor- 
rections need be applied to the table of refractions, for any obſervations 
but ſuch where there is wanted a preciſion not to be obtained at ſea. _ 


131. V. Demenflrations of thy rules at articles 60, 61, 62. 


See Plate XIV. Figures 13, 14, 15. 


Let the circle HZzRN repreſent the meridian of the place, HR the hori- 
zon, and 2 its zenith or pole: let ps repreſent the axis, P being the 
north, and s the ſouth: pole; the line Eq the equator, © the place of 
the Sun, the arc 2 O the zenith diſtance, and E O the declination. 

Now the latitude is expreſſed either by the height of the pole above 
the horizon, or by the diſtance of the equator from the zenith; conſe- 
quenily the arc R? (Es), or the arc ze, being known will give the 
latitude. Is 3%; ᷑ æ PTT. 

But the arc ZE is always equal to the ſum of the ares 2 O and EO 
when of contrary names; or to their difference when of the fame name. 

W hen the object does not ſet, its leaſt altitude R © added to the arc 
PO, or co-declination gives RP, the height of the pole above the horizon, 
or the latitude ſought : the ſame may be underſtood, were the leaft al- 
titude above the ſouth point of the horizon to be obſerved. Fig. 15. 
132. Hence it will be eaſy to conſtruct any of theſe caſes. ' Thus : 
| Set the zenith diſtance from 2, to the leſt if ſouth, but to the right 

if north; and this gives © the place of the Sun. 

Set the declination from ©, to the right if ſouth, but to the left if 
north; and this-gives E the place of the equator. | 

Then draw ing the diameter EQ, and the diameter ps at right angles 
to EQ, the latitude will be north or ſouth, according as 2 or 5 falls 
above the horizon. 15 5 


VI. Of 


+. "EY nenne 


% 
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133- VI. Of Facio's Problem, 
In the year 1728 Mr. Nicholas Fucis Duillier, F. R. S. publiſhed a 


pamphlet, intitled, Navigation Improved, in which he conſidered more 
at large, than had been done before, the problem for finding the lati- 
tude En two obſervations of the Sun's altitude out of the meridian, 
with the time between them, which he ſtates in the following terms. 


To find the latitude, by two altitudes of the Sun, and ihe time between them, 
fuppofing the obſervations to have been made from the ſame piace, or from 
different places, whether at ſea or land. And likewiſe ta find the hours, and 
the Sun's azimuths, at the times of both obſervations. 


Thus he propoſes. expreſsly to diſtinguiſh between the caſe, when 
the two obſervations are made in the fame place, and when, by the 
motion of the ſhip, in the interval between them. they are made under 
different zeniths; which does not appear to have been attempted before. 
He alſo extends the interval of time between the obfervations farther 
than is uſually done, not confining them within the compaſs of one 
day; but makes them fo remote, that the change in the Sun's declina- 
tion may be neceſſary to be taken notice of. 

His method of proceeding is this. | . 

Suppoſing P the elevated pole, A and B the two places of the Sun, and 
AP, PB, AB, arcs of great circles paſſing through the points p, A, and B. 
Then if PA be the diſtance of the Sun from the Pole Þ in the firſt ob- 
ſervation, and PB its diſtance in the ſecond, the angle ArB correſponds 
tothe time between the obſervations, whe- 
ther that angle repreſents the whole interval 
of time, or only its difference from one or 
more entire days, 2 alſo denoting the zenith 
of the place, when both the obſervations are 
made under the fame, | 

Here, if the interval of time be large, ap . 
may be different from PB. Therefore in the 
triangle Arg from AP, BP, and the angle , x 
APB, he finds the ſide AB; then from the three ſides ay, Br, and AB, 
either of the angles v AB, PBA may be known ; alſo from Az, ZB and AB 
in the triangle AzB, either of the angles ABZ, BAE; and in the laſt 
place, from theſe angles with ABP, or BAP, may be deduced the angle 
ZAP Or ZBP, whence in either of the triangles Paz or BZE, Pz may be 
computed, the diſtance of the zenith z from the pole. 

He likewiſe farther propoſes to compute the angles APz, BPz for aſ- 
ſigning the diſtance of each obſervation from noon, in order to deter- 
mine the time of the day when they were reſpeCtively made. 

All theſe trigonometrical operations he performs by one axiom (See 
ut. 251. Book IV.) in the doctrine of ſpherical triangles, * 


„„ 
= DAYS ud nm. 
been applied by others alſo, not only to the finding of an angle from 
three ſides given, but likewiſe to the computing ot the third fide from 
two ſides, and an angle between them. -- _ 3 

But when the ſhip is in motion, 2 is not to be confidered as the ze. 
nith of the ſhip in either obſervation. However in the firſt obſervation 
the ſhip's zenith will always be in a circle deſcribed. on A, as a pole, 
and with the interval Az, ſuppoſe in æ, and in the other obſervation will 
be in a circle deſcribed to the pole B with the interval Bz, ſuppoſe in), 
the arch xy denoting the ſhip's courſe, making with the meridian of 
the firſt obſervation the angle pxy. | 

This angle Pxy, and the length of the arch x y are to be aſſigned by 
the compats and log- line. Ag 
Now when the ſhip has been in motion during the interval between 
the obſervations, and theſe two additional data are added to the altitudes 
of the Sun, and the interval of time, Facts proceeds thus. 

Having found the point z, as before, he computes in the triangle 
 AZP, from AP, Az, Pz the angle Az; alſo in the triangle BzP from 
BP, BZ, Pz the angle BzP, and from the angles azP, BZ, the angle 
AZB, which (the angles azxand Bzy being both right) will be equal to 

% x. : | FOLD £ | 

Then ſuppoſing the diſtance run xy to be fo ſmall an arch, that the 
triangle x z y may be conſidered as rectilinear without any ſenſible crror; 
and alfo, that the angle xe 2 is ſo ſmall, that xy meeting Pz in v, the 
angle Þ vy may be aſſumed, as not ſenſibly differing from the angle of 
the ſhip's courſe ; whence the angle Bz having been computed, and 
thence the angle y z v known (Bzy being a right angle) from the angles 


yz u and z vy, the angle Zyx, which is the complement of the angle 


which the ſhip's courſe makes with BZ, will be known; then from the 
angles xZ , Zyx, together with the fide y x, he finds the fide zx; and 
Jaſtly, in the triangle P z from xz, z p, and the angle x z P, the fide 
P x is found for the complement of the ſhipts latitude at the firſt obſer- 
vation; as alfo the angle Z P x, and thence the angle a P, the. diſtance 
of the obſervation with the Sun in A from the meridian, in which that 
' Obſervation was made. ls GL ee | 4 

And farther, Facio conſidering this computation, though it come 
very near the truth, as an approximation only, from the aſſumption of 
the angles yxy, and z 2 æ, as equal, and the triangle z xy as rectilinear, 
he proceeds to correct the latitude, and the angle x P 2 thus found, as 
follows. TY. 15 

He aſſumes at pleaſure iwo values for 
2 x (or rather for the arch of a great circle 
paſſing through 2 and +) one ſomewhat 
greater, and the other ſomewhat leſs, than 
the value of z x now computed. Then 
for each value of 2 x, he finds in the tri- 
angle PxZ from the ſides Pz, Zx, and the 
angle Pzx, the fide px and angle xP; 
and in the triangle Pxy from Þ x now 
found with xy, and the angle Pxy given from the courſe and diſtance 


run by the ſhip from x to y, he computes P, and the angle x P). _ 
| om 


* 


Wee eo Scot” + T T Tcyt..C AC 


a mM ©, uy» fu => .u 


As the preceding n | | 
from the Sun, or from a fixed ſtar, requires a calculation, by ſome ſup- 
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from the angles xp z, xPy finding the angle yÞz, and thence ye g, 
at length in the triangle By y from PB, Py, and the angle B yy com- 
putes By. . a rnd 

If By, thus computed, comes out equal to B2, then 1s the value of 
2 x, whence it is deduced, rightly aſſumed ; but if the value in both 
the computations differ from the truth, Px and the angle z Pæ are to 
be corrected by the ſimple rule of falſe pofition. __ 

But this method of Facio is attended with an operofe calculation, even 
though the ſecond correction, which will always be but ſmall, ſhould 
be neglected. And the expedient propoſed by Mr. Graham, (Philoſo- 
phical Tranſactions, Ne 435) of obſerving by an azimuth compaſs the 
angle, which the ſhip's courſe makes with the azimuth circle of the Sun 
in one of the obſervations, which has been explained above (Book IX. 
article 76), is much morg ſimple, © 5 7 


— VII. Of Mr. de Ia Cailles Scam. 
7 ; methods of computing the true d gene of the Moon 


ſed too operoſe for mariners in general to be eaſily reconciled to; an 


inſtrument, accompanicd with three compound ſcales, is propoſed by the 
late able aſtronomer, the Abbe de la Caille. Theſe ſcales are not de- 
ſcribed with ſufficient diſtinctneſs to enable a workman to make them 


with accuracy. But the firſt conſiſts only of two ſcales of natural fines 
ſet at right angles to one another, and is neceſſary only in his method, 


which requires, beſides the diſtance af the Moon from the ſtar, the al- 
titudes of that ſtar to be obſerved a little time before. the diſtance is 


taken, and both the altitude and azimuth of the Moon to be obſerved 


ſome little time after, (ſuppoſing all the obſervations to be taken by one 


perſon.) The other two ſcales are the-principal, and are contrived for 


aſſigning the effect of the Moon's parallax, and the refraction both of 


the Moon and ſtar upon their apparent diſtance; and are grounded on 
this principle, that the effect of the Moon's parallax on the obſerved 
diſtance is to the parallax in altitude, as the co- ſine of the angle between 
the Moon's azimuth circle and her diſtance from the ſtar, to the radius; 
and that the like proportion obtains in regard to the refraction of the 
Moon and the ſtar. 

If z be the zenith of any place, zA the azimuth 
circle in which the Moon is at); but by her paral- 
lax appearing in A, and z & be the azimuth wherein 
the ſtar is placed at &; a perpendicular, as AB, being 
let fall on) & from A; the parallax in altitude, ) a, 
will be to) B, the effect of that parallax on the diſ- © 
tance ) &, as radius to the co. line of the angle A)) ß A 
In like manner if ) be the place of the Moon, Do the effect of the 
refraction on her altitude, and) c be the eſſect of that refraction on the 
diſtance ; po will be to he, as radius to the co-ſine of the angle 
ohe: and the refraction of the ſtar will have a ſimilar effect on the diſ- 
tance J. x 


© 


Now 
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Now the triangle 2) + being project- 

ed orthographically on the circle paſſing KT 
through ) &, as in the annexed figure; G 2 
in which r*, x.) are drawn from the. 7 


. [ . . 1 
center F: through 2, let Ga1, perpendi- 7 
cular to & F, and KTM, perpendicular to FED 
, to F) 5 be drawn; then is 62 the verſed $0000 0000 * * "* 33 el 


fine, and zu the co - ſine of the angle 
2 * g, to the radius GH ; and alſo Za the 
verſed fine, and 21 the co-ſine of the 
angle 2 ) & to the radius KL ; moreover, 
FH is the co- ſine of the arch 2 «(= ). 
and FL is the co-fine of the arch 2 
(DE), to the radius of the circlec* )., 

Hence if in any circle lines as F *, F), be drawn from the center, 
making an angle * ) equal to the apparent diſtance of the Moon and 
ſtar, and FH be taken equal to the ſine of the ſtar's altitude, and FL the 
fine of the Moon's altitude; the perpendiculars HG, and LK, being 
drawn interſecting each other in 2, Lk will be to Lz as the Moon's 
refraction, or parallax in altitude, to their effect on the diſtance. And 
in like manner GH will be to Hz, as the refraction of the ſtar to the 
effect of that refraction on the diſtance of the ftar from the Moon. 
But moreover, in regard to the Moon's parallax, KL is the fine of the 
arch ) z, the Moon's diſtance from the zenith, to the radius ) of the 
circle ; and conſequently the Moon's horizontal parallax will be to the 
effect of her parallax on the diſtance from the ſtar, as F Þ, the ſemidia- 
meter of the cirele, to Lz, | | | 

Upon theſe principles the two ſcales, relating to the parallax and the 
refraction, are to be conſtructed, But the method is attended with 
this inconvenience, that when the arch ) * is ſmall, the lines Hz, Lz, 
will croſs each other fo very obliquely, as to make their true magnitude 
too uncertain ; and this the author of the method ſeems not to have 
been unapprized of, by requiring that the diſtance ſhould not be leſs 
than 10 degrees. | | 
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136. VIII. Of the times of the Moon's phaſes, and the time of High-water. 


The methods given in Book VI. at articles 130, 135, 136, for com- 
puting the Moon's age, ſouthing, and time of high-water, frequently 


give thoſe times many hours wide of the truth, and may occaſion fatal 
accidents. It has therefore been judged proper to ſhew how the times 
of high water are to be found more accurately, unleſs when the tides 


are made irregular by ſtrong winds. 


place, the longitude of which is known, by the following 


Rute. To the Greenwich time of the propoſed phaſe apply the - 
the time of that 


difference of longitude in time (57), and it will give 
phaſe at the place propoſed. | TR 


- 


Exam. I. At what times in Moy 1773 did the ſeveral phaſes of the 
Moon happen at Canton in China? 5 
Canton is E. of Greenwich (113 14/ g 7h. 32m. | 
Then the times at Canton for the Moon's phaſes in May 1773, will be 
Full Moon 6d. 12h. 34m. (=6d. 5h. 2m.+7h. 42m.) 

Laſt Quarter 12 7 o | 

New Moon 21 10 15 | 

Firſt Quarter 29 4 55 


Exam. II. At what times in March 1773 did the ſeveral phaſes of the 
Moon happen at Halifax in Nova Scotia? 4 * js of | 


Hallifax is weft of Greenwich (639 31'=) 4b. 14m. 
Then at Halifax the times of the phaſes required will be 


Firſt Quarter 1d. oh. 17m. (Id. 4h. 31m. — 4h. 14m.) 
Full Moon 0-8 
Laſt Quarter . 
New Moon 33: 12 8 


Firſt Quarter 1 


108 Of 


In the Nautical Almanack the firſt page of every month contains the 
Moon's phaſes at Greenwich; which are eaſily transferred to any other 
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137. | : | Of the time of high-water. | 


The times of high · water at the ſyzigies are nearly the ſame in moſt 


places; but the times of high- water from day to day between the ſyzi- 
gies do not alter 48 minutes, as is uſually reckoned in pilotage; the 


difference being ſometimes more, ſometimes leſs; according as the wa- 


ters are acted on, either by the ſum of the attractive forces of the Sun 


and Moon, or by their difference, conſidered in reſpect to the places of 


the Earth and Moon relative to the Sun. 


The following table * being uſed with the time of either phaſe of the 


Moon, will, in general, ſhew the time of high-water within a quarter 


of an hour of the truth at any known port, when the tides are not greatly 


influenced by the winds. 


— 3 urn SS MEE * 


* * o - — 
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If the time to be ſought in this table is between the hours in the out- 
ſide columns, the equation is to be corrected by proportional parts. 


* From M. de la Caille. 


* 7 
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| tio give the time of high-water on any other day. | 
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139. PR OPOSS+T-1: Qu IX}. 
The time of high-water in any port on the ſyxigies, or days of new and full 
moon being known, to find the time of high-water in that port on any ather day. 
| SQ LUTSIDS 
iſt. In the Nautical Almanack, ſeek in the given month, or in that 
immediately preceding or following it, for the time of that phaſe which 
happens neareſt to the given day; and take the difference of thoſe times. 
2d. In table (138.) this diff, of time gives an equation, which being 
applied to the time of the ſyzigie high-water for the given port (IV. 137) 
as its title directs, gives the time of the afternoon high-water in that 
Ort. x | 
: But if the time of the morning high. water is required. | | 
iſt. Do as directed in the 11t article above, and increaſe the ſaid diff. 
by 12 hours, if the given day falls before the phaſe. 
Or diminiſh it by 12 hours, when after the phaſe. 
2d. The equation to this time (138) applied to the ſyzigie time 
(IV. 137) gives the morning time of bigh- water. ; 
Ex am. I. 41 Portſmouth, where it is high-water on the ſyzigies at 11h. 
15m. : required the afternoon and morning times of high. water on the 13th 
of January, and on the 2d of February, in the year 1773. 

Here the neareſt phaſe to January 13, is Jan 15d. 10h. 10m. | 

So the time propoſed is 2d. 10h, 1om. before the 3d or laſt quarter, 

To 2d. 10h and before 3d. gh. the equation is 3h. 5m. 

]hen 11h. 15m. + Zh. 5m. = 14h. 20m. or high-water at 2h. 20m.P.M. 
Again 2d. 10h. 10m. +12h.=2d. 22h. 10. the eq. to,which is 2h. 44m. 
Then 11h.15m.-þ2h.44m.=13b.;gm.;or high- water at ih. 59m. A. M. 
To Feb. 2d. the neareſt phaſe is the i ſt quarter, on Jan. 30d. 7h. 53m: 
And as Feb. ad, may be called Jan. 33d. 

Their diff. or time after the firſt quarter, is 2d. 16h, 7m. 
The equatation to which is Sh. 26m. | 
Then 11h.15m.+8h.26m.=1gh.41m.Orhigh-waterat h. 41m. P. M. 
Again 2d. 16h. 7m. —12h.=2d. 4h. 7m. ; the equ. to which isyh. 5ͤ 0m. 
Then 11h. 15m. T 5h. 50m. = 19h. 5m. Or high water at 7h m. A. M. 
ExAM. II. Oa the 11th of March 177 3, required the times of high-water 
at Hatifax in Nova Scotia, where the ſyxigie time of high-water is at 7b. 3om. 
Halifax is W. of Greenwich (63? 31'/=) 4h. 14mm. 
The neareſt phaſe to March 11 is full moon, at Sd. 16h. 55m. 
Which fitted to Halifax becomes | 8d. 6h. 41m.(136) 
March 11, is after full moon, 2d. 17h. 19m. its equation is 1h. 35m. 
Then 7h. 30m. ＋ 1b. 35m. b. 5m. P. M. the time of high water. 
Again 2d. Iyh. 1ym.—12h.=2d, 5h. 19m.; its equation is th. 18m, 
Then 7h, 3om.+1h. 18m. Sh. 48m. A.M. the time of high-water, 


” 140, "PROPOSITION II. | 
Toe time of high-water in any port being obſerved on any tay, to find tha 
- time of h gh-water in that port on the ſyzigies. | 
| ; SOLUTION. 
1ſt. By the difference of longitude reduce the given time to Green- 
0. wich time. ts oa (57) 


24, Take the difference between this time and that of the moon's 
neareſt phaſe. Pee " 36 45 


* 
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3d. The equation in table . art. 138. to this diff, applied to the 
aid Greenwich time, contrary to what its title directs, will give the ly- 
zigie time of high-water at that port. OD, 

Ex am. I. Suppoſe the time of high-water was obſerved in a port to be at 
gb. P. Al., when it wanted 34. 17h. of the time of new moon; required 
| the time of bigh-water there on the day of new moon, : 

Now zd. 27h. before new moon give an equation of 2h. 41m. 
I Fhe column directs ſubtraction, the contrary is addition. 
Then 5h. T zh. 41m. =7h. 41m. P. M. the ſyzigie time of high - water. 
Alſo 3d. 17h. I2h. 4d. 5h. the equation to which is zh. om. | 
Then 5h.+3h. 1om. = 8h. 10m. A.M. the time of new moon high water, 
Exam. II. Suppoſe on the igith of Marth, 1773, at 8h. i1m. P. M. 
3t was obſerved to be bigh water in the river Senegal? What is the time of 
bigh water on the full and change days? 8 
The river Senegal is weſt of Greenwich (16a 20'=) th. m. 
- *The neareſt pbaſe to March 19th is the third quarter, at 15d. 2h. 20m. 
which fitted to Senegal, makes 15d. th 24m. | 
The 19th day is after the third quarter, 3d. 224h.; its equation is gh, 
41m. which is ſubtractive, contrary to its title in the table. | 

Then Sh. 11m.—gh. 41 = 10h. 3om. the time of high water on the 
days of the full and change of the moon in the river Senegal. _ 

141. Of the cauſe why the mom appears to riſe nearly at the ſame time for 
- ſeveral days together at fome ſeaſons of the year. | 

There are few mariners who have not obſerved at certain times, that 
the moon appears to riſe or ſet for ſeveral days together at the ſametime 
nearly, notwithſtanding that ſhe is known to be retarded nearly 48 mi- 
nutes in each day's motion. 2 

This appearance ariſes chiefly from the daily alteration of 5 or 6 de- 

Trees in the moon's declination, when ſhe is near the eceleſtial equator. 

ow a change in the declination of cceleſtial bodies will cauſe them to 

riſe or ſet ſooner or later, as well as when the obſerver changes his la- 
titude. \ „N Le: 

Thus in the latitude of 50 degrees, when the fun has 6“ of deciina · 
tion, he riſes at Sh. 3 m.; but when be has no declination, he riſes at 
6 o'clock ; ſo that a change of 69 in declination near the equinox acce- 
lerates the riſing 29 minutes. | Ez | 

By a like change in the moon's declination her rifing or ſetting maß 
be quickened or delayed half an hour ; but half an hour's acceleration 
dimioiſhes 4 great part of the 48 minutes of daily retardation which 
ſhe ought to have; and if to this be joined the apparent acceleration 
which may be cauſed by a leſs velocity'in the motion of the moon near 
her apogee, and alſo that which may ariſe from an alteration of 3 or 4 
degrees in the ſhip's latitude in 24 hours; it will follow, that the ring 
2 moon will not appear to be ſenſibly retarded for ſeveral days to- 
1 Now the ſame cauſe which accelerates the riſing retards the ſetting 
fo when the moon appears to riſe for ſeveral days together about the ſame 
hour, its ſerting will appear to be retarded nearly the double of 48 mi- 

nytes, or about an hour and half. On the contrary, if its ſetting is 
nearly about the ſame hour for ſeveral days, its riſing will appear to be 
retarded almoſt double of its known daily motion. f 
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Of Numbers and their Logarithms from 1 to 120. 
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507115 
507482 
07846 


| 


504883 
50523105269 
50 5652 
„06032 
„06408 
„06781 
507151 
907518 
„07882 


2 311 


508207 
08 565 
„o8920 
„509272 
509 C1 
,09968 
„10312 


510992 


— — — 


| 


511028 „11661 11694 
511992 512024 
„12320 512352 
12646 „1267 8 
1296938091 
1329013322 
13609 |,13649 


13925 „ 


142391422 '© 
14551 514582 | 
14829 „485 514391 
261371168 515198 
515442 154715 503 
„1574615776, 138 <6, 
,1bo47|,16077|,36107; 
1637616306 
„16502 
16938 16967 „16897 
1723117260 , 17289 
117 522/117551 11780] 


516673 


508243 
,0360c06 
y3955, 
»09307 
og 5b 
,10003 
510340 
510653010087 
911925 
3 „11361 


15938 


/ 


_ 


517038 
17926 
„28213 
18498 
118780 
19001 


19340! 


19618 
19893 
„20167 


517665 
17955 
18241 

„18526 
18808 
19089 
„19368 
519645 
19921 


20104 


17695 
117934 
18270 
18554 
18837 
19117 
19396 
196727 
9948 
20222 


„17725 
„18013 
18298 
„18 583 
„18865 
19145 
19424 
19 700 


19975 


22240 


17754 


18041 
18327 
518611 
18893 
119173 
19451 
19728 
20003 
420276 


517782 
„18070 
18353 
518639 
18927 
19201 
10479 
19756 
120030 
20303 


517811 
„18099 
518384 
518667 
18949 
51922 

19507 
19783 
co 58 
20330 


517840 


2812716786 
„18412 ,1844 
51869 6 „18724 


18977 


1937 


19538 „19 562 


519811 
2008 5 
20388 ,2 


k 20285 


„17 09 


— 


COR 
9285 


519838 
20172 


1 


2 


3 


4 


= 


| 6 


_—Y 


{ 


— 
{ 


2 


J 


1 


404 


TABLE or LOGARITHMS. 


Numbers from 1600 


to 2200, 


144. 


Logs from , 20412 to 34242. 


3 


— 


8 


— 
— 4 


200 


202 
203 
204 
205 
206 
207 
112-3 


219 
211 
212 
213 
214 
25 
216 
217 
215 


Mt. tt. 


"29 


201 


219 
N69 


O 


I 


520412 
520683 
520951 
521219 
21484 
21748 
22011 
522272 
522531 
„2289 


23045 


235 
23553 
52380 5 
24055 
124394 
224551 
124797 
52 5042 


— 


25527 
ee 
26007 
26245 
526482 
26717 
26951 
527184 
„27416 


„27646 


3 


[ES 5 


520439 
5207 10 
20978 
21245 
521511 
521775 
522037 
„22298 


. 
520736 
,2ICO5 
,21272 
21537 
121801 
522063 
522324 


22557 22683 
28422849 
2307 23096 
22332523358 
23578 „23603. 2 
2383023855 
24080 
2 
524576,24601 
524 72 24845 
25066 „25091 


520763 
21032 
521299 
21564 
521827 
22089 
22350 
522608 
522866 


204931520520 


220547 
20790, 208 17 
521059, 2108 5 
2132521352 
2159021617 
2185421880 
2211522141 


522376 
522634 
22891 


522401 
22600 
22917 


23121 


523376 
23929 


2831025234 


23830 


524105, 24130 
2435724375 


2462 5 
124871 
525115 


523147 
23401 
23654 
23905 

24155 
524403 
24050 
24895 
525139 


22317. 
23426 
23679 
223930 
524180 
524423 
124674 
»24920 

25164 


2525828382 25400 


0 


520575 
520844 
521112 
521378 
„21643 
„21906 
22167 
522427 
„22686 
22042 


7 


120602 
520871 
21139 
221405 
421669 
521932 
522194 
22453 
522712 
„22968 


5222220 


222479 


8 


520629 
520898 
521165 
21431 
521696 
21958 


22737 
22094 


23223 
123477 
23729 
23980 
24229 
24477 
24724 
24969 
25212 
8 


523198 
223452 
223704 
»2 3955 
524204 
24452 
24699 
2494 
525188 
52754231 


255512 
525792 
526031526055 
26269 ,26293 
26505 ,26529 
526741 ,26764 
26975 „26998 
27207, 27231 
274397352 
527669, 27692 


$575 
525816 


525840 
5126079 
26316 
26553 
26788 
527021 
27254 
2748 5 

227715 


22875 
28103 
2833 
5285 56 
528780 
„29003 
729226 
29447 
20667 
„29885 


27898 „27921 
„28126, 28 149 
28353528375 
28578,28601 
28803, 28825 
29026 „29048 
„29248 ,29270 
23469 229491 
2958829710 
29907 |,29929 


530103 
30320 
20535 
230750 
30963 
531175 

31387 
531597 
„31806 


209 2222152035 


3012530140 
303417,30353 
530557550578 
23877139792 
30924, 31006 
53119731218 
»314031.31429 


531618 31539 
531827531848 
32056 


32222 


244 


532263 
232499]; 
3267 
132579 
33092 


32243 
32443 
32654 
323 58 
33052 


33264 
32465 


33284 
533485 


33556032686 
3386633385 


0 


— — —— — 


* 


3 2 


281715 
28398 
528623 

288472 
29070 
529292 
5295135 
229732 


„30168 
30384 
305 
430% 14 
31027 
31239 
31450 
31660 
31869 
32977 


32490 
555326 95 
732899 
33104 
317304 
133506 
33706 
33905 
ie 


3 


2500 , 25624, 25648 


2567272 25696 


23249 
523502 


523754 


2400 5 
24254 
924502 |, 
224748 
174993 | 
125237 
125479; 
525720 


27944 


258645258882 
2510226126 
„52634026364, 
2657652660 
268475 26834 
„270451, 27068 
„52727727300 
275537531 
2228 2—˙79¹ 


27967 27989 
2819428217 
2841728443 
28646, 28668 

2887028892 
2909229115 
2931429336 

2953529557 


20 86 
530406 „539428 
„3062 1.306542 
i 
31048 5318069 
531260531281 
[,31471|,31492\, 
7531687 31702 
31892731911 
32098, 31 113}, 


3228432305232 5 


232510 
732715 
32919 


53253 1 
232730 
32940 


25912 
25150 

26387 
26623 
268 58 
27091 
527323 


28912 
„28240 


52977 541129776) 
2299 51142997 3,1229941,30916 11 


528466 
28691 


528914 


1 
29358 
529579 
5297 98 |» 


30233 


531502 
31513 
531723 
531931 

412139 

32346 


232552 


522756, 
„22960 


130449 
35863 
30878 


28925 


266472 


28035 
528262 
528488 
28713 
28937 
529159 
8 
„29601 


125511), 
28735 
289509 
0185 


425959 „25983 
26174265193 26221 
26617 26435264; 8 
26670 26694 
26881 6905 526928 
27114, 27738527161 
27346737027 292 
275771427600 |,2762 1) 
75071127930: 22832 


2828 


29403529425 
29623 „29645 
29820 % 29842903 
+ nd md — 


= 
5206 56 
520925 
521192 
221458 
521722 
521985 
122240 
522 505 
3227 2; 
23019 


— — 
23274 
523528 
22377 

EN 
24270 
524527 
224773 
525018 
25261 
22 1 


25744 


_ 
28532! 
287 58 
2898 
729203 


3047 
40853 


53153 2731555 
31744231765; 
131952[,31973 
432181 
32387 
532593 


3279732818 
a 330013 


33122 


33143 


533325 
33526 32546 
533726ʃ,33746 


233345 


33925339453 
534124,34142ʃ,34163 


32162 
33365 
33565 
33766 
3965 


4 . 5 


6 


3733203 
532405 


33600 
33806 
zs, 
24203 

8 | 


2281 


2525532763790 
% 351% 
307, 307 
„58899 „5092 © 530942, 
. 

2303231431345 (230300; 


32613 


7233224 
|, 3347 51 | 


133620: 
F : 3826. 
3402 5| 


524223 


9 


— 
n 


*2— 
+ * 


> > 72 


_ 


] = > wv. 
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Numbers from 2200 to 2800. 


TABLE or LOGARITH MS. 


— 


3 
220 
221 
222 
223 


2284 


O 


1 


2 


3 


1 


— 


6 


7 


8 


9 


34242 
34439 
34635 
348 30 
35825 
535218 
535411 
35603 
35793 


36173 
536361 
36549 


536922 
537107 
537291 
37475 
376 58 
37840 


36736 


„34262 
„34459 
34655 
34850 
135944 
35238 
35438 
35622 
35813 
„36003 


34282 
534479 
34674 
„34859 
35064 
35257 
35449 
235941 
35832 
36021 


534301 
34498 
3469434713 
34889 
33083 
35276 
35458 
135660|,35079 
35351 


34321 
534518 


34908 
535102 
35295 
35488 


535870 


536192 


36330 
536568 
36754 


3694053 


137125 
37310 
537493 
537676 
32858 


„38021 
38202 
33382 
38 561 
133739 


28917 


39094 
39270 

39445 
39620 
39794 
29967 
40140 
240312 
540483 
406 54 
4024 
40993 
,41 162 
24328 


38039 
„38220 
38399 
538578 
38757 
38934, 
539111 


539287 


39463 
39637 
39871 
39985 
40157 
540329 


36211 
536399 
536586 
536773 
5959 
137144 
»37 328 
237511 
37694 
137876 
38057 
538238 
38417 


30040, 36059 
536229 
530413 
„36605 
230791 
36977 
37162 
3734 
37530737548 
237712 
3789437912 


„36248 
536436 
324 
„368 10 
36996 
37181 
37365 


537731 


538596 38614 


5387 75 

389 52 
39129 
522930557 


53807573 
438256 
38435 


538792 
38970 
39146 „39164 
293223934 


8093 
38274 
38453 
38632 
5388 10 
38987 


3948039498 (39575 


32855 
39829 
,4£002 
240175 

40345 40364 


39672 39599 
39846 
540019 
40192 


39863 
40037 
540209 

40381 


,40500| 42 519 453540555 
e 722, 


240671 
40841 


440858 


40875 4059 


541010, 41027, 41044 „41061 
,41196/,41212 |,41229 
:413631,41390|:41397 


241179 
41347 


241497 
541664 
41830 
41996 


542160 
42325 
„42488 
42651 
42813 
2075 
543136 
543297 
43457 
43616 
43775 
43933 
44091 
44248 
44404 


44560 


4514 


41631 
41847 


542012 


42177 


542341 


542504 
42667 
428 30 
25925 
43152 
143323 
243473 
43632 


43791 


43949 
5431807 
44264 
244420 
445701244592 


FD 


234341 
234537 
34733 
34928 
535122 
35315 
235507 
535698 
35889 
„36078 


534301 
134557 
»34753 
34947 
53514 
35334 
35526 
535717 
35908 
30097 


34380 
134577 
534772 
534967 
535160 
235353 
35545 
235736 
35927 
36116 


„34400 
34596 
34792 
534936 
535180 
33372 
35564 
35755 
235940 
36135 


534420 
„34616 
534811 
235005 
35199 
35392 
35383 
235774 
35965 
536154 


536267 


130455 
36642 
36829 


„36286 


36474 
536661 


736847 


537014737033 


37199 


237383 


37566 
37749 


3793 
—— — 


538112 


„38292 
238471 


538650 


538828 
» 39005 
529182 
39358 
7239533 
»39707 
39881 


240054 


540226 
40398 
40569 
49739 
40909 
41078 
541240 
41414 


537218 
23740¹ 
37585 
37767 
537949 


36305 
36493 
„36680 
536866 
37051 
37236 
537420 
537603 
237785 
37967 


36324 
536511 
536698 
36884 
37070 
37254 
37438 
537621 
37803 
37985 


36342 
536530 
36717 
536903 
537088 
237273 
537457 
37639 
537822 
38003 


38 130 
38310 
38489 
„38668 
„38846 
39023 
39199 
39375 
39550 
539724 


38148 
538328 
38507 

„38686, 
38863 
539041 
539217 


538 166 
538346 
35525 

38703 
388851 
39058 
39235 


e eee 


395 
239742 


68,3958 5 


139759 


38184 
38364 
738543 
38721 
538899 
39076 
39252 
39428 
539602 
239777 


39898 
540071 
40243 
40415 
540686 
40756 
40926 
41095 
241203 
141430 


4183741547 41564 
4159741244173 


41863 


42029 
42192 
142357 
342521 
54264 
42846 


541880 


9541896 


204804206: 
4221042226 
42374/42390 
42537 
42700 
542862 
43008 43024 


42552 
42716 
542878 
4304⁰ 


41681 
542747 
41913 

42078 
42243 
42400 
42570 
42732 
42894 
143056 


41597 


42095 
42259 
42423 
542586 
42749 
42911 

423272 


41764 
4929 41946 


i 


39915739933 
4008840106 
40261540278 


40432 
40603 
249773 
540943 
541111 
541280 
241447 
41614 
741780 


42111 
42275 
542439 
42602 
4765 
142927 
43088 


40449 
140620 
,40790 
»40959 


541128 


„41296 
41464 


399 50 
540123 
540295 
540466 
40637 
540807 
40976 
41145 
41313 
47481 


41531 


541797 


141903 
542127 
42292 
542455 
42619 
42781 


42943 
43104 


243169 
143329 
43489 
43648 
43809 


43965543981 


544122 
544270 


144435144451 


2 


543185 
„43345 
43505 
43664 
43823 


44138 
34295 


544507 


NNN— ̃ ͤ —— — 


43201 
243361 
43521 
43680 
43838 
43996 
1441 54 
44311 
44467 
144923 
A. 


143217 
143377 
43537 
43696 
43854 
44012 
44170 
44326 
44483 
44628 


43233 
43393 
43553 
943712 
43870 
„44028 
44185 
144342 
244408 


$ 


6 


144054 [24 


43249 
43409 
43569 
43727 
43886 


43265 
43425 


435344 
143743 


4390 


544059. 


44217 


44373 


44232 


447 


41647 
41814 
41979 
42144 
542308 
42472 
542635 
142797 
4 959 
1255 
543281 
43441 
3600 
43759 
243917 
44075 


44339 
44545 


— 


144. 405 
Logs. from , 34242 to 44716. 
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40 TABLE or LOG ARIT HMS. 144. 


Numbers from 2800 to 3400. Logs. from ,44716 to , 53148. 


1 | $1 43S | c 6 7 8 
280 4716.442731 44747 44762 4475 4479 44809 4482484 ads 
287 44877½44886, 44944977449 32 4494844963 4427944994 45% 
282 , 45023, 45040, 45056, 450% 1,4580 45102,4511745153 45148/4563 
1 . 283 45179 4519445209 45225 4549452045271 452864537453 77 | 
abs 145332 |,45547 453621145375|345393|+45493 [445423145439 [245454 45469. 
228 [145434 455⁹99453784553%/45545 45561455764 8591 456061,45621 ; 
286 45637 545652, 45667, 45682 218824586 1457281,45743(»45755 345772) | 
1287 45788 45803 (45818 4583445849 +4356 745879545894, 45999/45924 
1288 545929 4595445969 245984; 4604 015% 4 8030, 46045, 4006 4605; | 
289 \,46050 o| ,46105\,46120 1446125 4678548765 4618046195 46210 46225 


290 |,49240 46255 46275 7528 5 6300 40315 6375 434446359 46374 
291 46389464044 46419 46434 |»46449\,46464|,462791,46494 |,46 99, 465-3 

1292 46 5384655346568 ,46583½4659846513½46627 46642466 57 4607 
293 487,460 „4671646731 46746, 6761 546776 , 46790 46805 46820! 
129% 4683 5,46849 4686446879 4689446905 46923 5469384695 46997 
| 
1 


1295 145952 1,40997 „47012, 706 47743 475854775 147085 ,47100|,47114| 


298 |,47129\,47144|,47159 |447173|-47188;,47202!,472 17 {,47232 472% 47267 


| 
297 1,47270|47290|,47305 147319147334, 1473491,473531+47 37581147 392. 247407 | | 
1.298 1,47422!,47436\,47451 [24746547450 ,47494\,47 509/147 524[147535|147 553, 
1299 -47567 4788247826 ,47611|,47625 1247040! ,47554!,47059[,47633 2 
[300 4777247777 774177750 77% 7787177 759 7877077850 47842 | 
301 . 47857 27748885 47900, 47914,47929,4794347958, 47972547986 
302 4800148015, 48029 , 48044 „48058 48073 48087548 101,48 11648130 
303 48144 48150 4817348187 48202 „4821648230 %,48244 48259 48273 
304 , 4828748302 48376483 30 48344484259 48373548387,48401¼484166 | 
1458439143444 |,43458[,48473| 438487 ,43501|,q®515|,48530;. 48 544 248558 | 

306 „48 572 748 58648601 48615 48629 „48643, 48657 548571 48686 48 7c 
397 48714548728 ,48742 487559. 48 770, 878548799488 13048827 48841 
08 48855043869 48883548397 4591148975 489448954, 48968 45 25 | 
209 209 48996 .49019|,49024 49038 202 49066, 49080 4209440 249108 2491221 


310 49736 4915976449 75 49792 4920⁰ 492204923449 240 „4 143262. 
311 4927649 90,49 3041,49318 4933249346 4236509648374 149383 ,49402. | | 
312 560d get +4944 3(>494 57 |.49471|494835\,49499 249513 495271495 541, 
313 |-49554/-49595|,495321,495961,49610|,49624|,49638, 49657465 496•9 
314 495934970 4721,49 34,4948 49762 49- 76,4979, 49803, 49817 | 
_————— 493 59 |,49872 49886 [,49900|,49914[149927 [4997149955 
82 |,49995|,50010{,500241,50037|,coogr |,50055 $0079, , 50002 | il 
3008 (551 50120, 0133,50147 501061, 50174 50188 50202, 50215 „50229 | 
318 „50247502 86 502 70, 5084, 50297, 503150325 , 0338, 5035230 650 ö 
319 229 152393 49 2042 82 42 487 474 6884 716 coc 
320 508 15 50 529 „50542, 50556 50569 „505883, 5959650610 5062 5% 27 
321 „500 50, 50664 5c 678}, 50691, 50 05, 550718, 0732, 50745 507 5%%5772 | 
322 5086, 0799 508 13, 50826, 508 39, 508 53, 50866, 50880, 50893 50907 9 
4323 50920, 50934, 50947 „50961 50974, 50987, 1001, 51014 51028 „101 
324 [,51054;,51068},51081|,51095|,51108|,51121|,51135},51145|,50162! „5 175 | 
5118851202 51215551228 3 x00 5128251295 513% 5 
32d [,51322|,51335|»51348|,51362[,51375|,51388|,51402|,51415|,51428 51441 | 
327 81485/81468 51481{,51495|.51508{,51521|,51574|,51548},50 5687574 
328 51587 „51601, 614,51627, 51644, 51654, 166.5 1680 516937700 
329 [+51720(+5!733|,51746|»517591,51772 »31786|.51799|,51812 2828185838 
' 330 |,51851 51865 751878 »5I8911,51924|,51917| 51930|,519431,51957 251970) 
| | 331 [,51983|,51996|,52c09j,52022{,52035 52048 „52051,52075ʃ, 52088, 52101 
332 ,62114,2127, 52140 52287 52166; .,52179{,52 192|,52205|,52218|,52231 
333 (+52244{,52257|,532270|,$2253[,52297i|,$2J10|,c2323 523:6 152349 „52362 
334 ·52375,52388. 62401, 52414,52427 52440, 52453/82466, 52479/,52492 
335 82 504, 5251.582530, 52 543,5256, 5269, 5238252595, 52608, 52621 
6 „52634, 52647, 52660, 52673, 52686, 52609 52711/.52724/,52737 52750 
337 552763, 52776, 62789, 52802, 52815, 52827]. 52840, 528 53,2866, 52879 
58 sabe ,52 955% 2 86829 360 894822560.52969 539082934 ,$3007 | 
[339 {,53920],53033|-53046[,530581,53071|,53084|,5097|+53110| ,53122 $12] 
— —— — — — — — 
D 3 $4.4 7 1 
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oe 
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TABLE or LOGARITHMS. 144. 407 


Numbers from 3400. to 4000. Logs, 


from „5 3148 to „60206. 


— 
* 


— 


340 
341 


| l 


1342 


343 
1344 
345 
346 
347 
348 


350 
35k 
352 
353 


354 


355 
356 
357 

58 


322 
— 


O 


1 


— 


4 


5 


6 


53148 
553275 
153403 
»53529 
„53650 
153782 
53908 
554033 
54335 
„54283 


531657 
53288 
153415 
553542 
„63668 
153794 
. $3920 
554045 
554170 
554295 


| 


53173 
553301 
553428 
253555 
53681 
53807 
52933 
254058 
15418 3 
»54307 


» $4407 
554531 
254654 
554777 
„54900 
555023 
555145 
55526 
555388 
255509 


„54419 
„54743 
554667 
554790 
554913 
555035 
„55157 
55279 
55400 
255522 


554432 
554555 
554679 
„54802 
554925 
„55047 
555169 
555291 
255413 
„55534 


GI 
2 
— 


890 
W 
own 


379 [57864 


555530 
555751 
555871 
555991 
„56110 


„56348 
556467 
55658 5 
556703 


56229, 86 


56 597 
586714 


555654 
55775 
555895 


3656015 


556134 
259253 
56372 
56490 
556608 
„56726 


| 3 
53186 
5533174 
„53441 
153507 
253694 
„53820 
153945 
» $4070 
554195 
254320 


»54444 
„54568 
54691 
„54914 
554937 
» 55060 
„55182 
558303 
„55425 
255546 
„55666 
55787 
53907 
55 C27 
„56146 
756265 
556384 
„56502 
„56620 
56738 


„53199 
53326 
53453 
253550 
253706 
53832 
53958 
„540 3 
5420 
84322 


553212 
553339 
„53466 
553593 
253719 
53845 
533970 
554095 
554220 
554345 


33224753237 


253352 
553479 
53605 
»53732 
53857 
153983 
„54108 
254233 
254357 


7 


8 


9 | 


»53304 
53491 
553618 
„53244 
53870 
553995 
„54120 
554245 
554370 


553250 
153377 
53504 
553631 
753757 
552882 
„54008 
„54133 
5542 58 
254352 


; 


553263 


„53390 


53517 


„53643 


„5895 


54020 
754 | 


»54145 
„54270 
254394 


„56820. 
256937 
257054 
557171 
„57287 
557403 
557519 
157634 
557749 


256832 
56949 
557066 
157183 
»57299 
157415 
257530 
57546 
57761 
2875 


558659 


557978 
55 8092 
„5 8206 
„58320 
„58433 
58 54 


„58771 
558833 
7558995 


557990 
558 104 
„58218 
53331 
58444 
58557 
558670 
58782 


56844 
556961 
57078 
157194 
„57310 
557426 
„57542 
57657 
257772 
257887 
„58001 
„58115 
„58229 
88343 
58456 
58569 
558681 
153794 


58894 


259006, 


„59106 
559218 
59329 
„59439 
55955 
5900 
559770 
159879 
559988 
„50097 


59118 
259229 
159340 
2594.50 
59561 
„59671. 
59780 
560890 
» >9999 
„50108 


„58906 
159917 
»59129 
559240 
5935¹ 
9461 
559572 
„59682 
„59791 

39901 
60010 
„60119 


568 55 
56972 
57089 
557206 
257322 
157438 
»$7553 
57 66g 
„57784 
57898 


5844806 
54580 
554704 
554827 
54949 
555872 
555194 
55315 
555437 
55558 


„54469 
254593 
254716 
54839 
54962 
55084 
5552 6 
53328 
555449 
„555570 


554481 


54605 ,54617 


554728 
54851 
„54974 
55096 


35461 
28 


5521855230 
55334055352 


554494 
554741 


554506 
54630 
554753 


554864 
54986 
„5508 


255473 
58594 


754998 


54876 


255121 
555242 
55 5 364 
555485 
„55606 


54518 
„54042 


554765 


„54888 
„5 5011 
55133 
555255 
55376 
55497 
„55618 


55678 
55799 
535919 
56038 
56158 
556277 
„56396 
556514 
56632 
5567 50 
556867 
556984 
557101 
557217 
557324 
„57449 
157565 
557680 
157795 
557910 


555691 
555811 
555931 
»56050 
56170 
„56289 
556407 
„56526 
„56644 
556761 
556879 
56996 
257113 
557229 
557345 
57461 
557576 
57692 
557807 
557921 


N 


55703 


555823555835 


255943 


556301 
56538 
8773 


50062, 56074 
55618256194 


55641956431 
56656, 56 


55715 
555955 


556312 
56885 

67 
55678 5 


555727 
55887 
9 

36285 
„56205 
56324 
56443 
„56561 
„56679 
»56797 


ws 


255739 
55859 


58573 


Ji 


»560g 


556336 
556455 
556573 
„56691 
„56808 


„56891 
„51008 


55712457136 


557241 
557357 
55747 
55758 
55770 
55781 
557933 


„56902 
57019 


572 52 
57368 
557484 
557600 
57775 
557830 
52944 


56974 
557031 
557148 
557264 
157350 
»57496 
57611 
557725 
57841 
57955 


„5 7043 
557159 
57276 
257292 


—__ 


575% 


157623 
157738 
157352 


558013 
„58127 
„58240 
58354 
„58467 
558580 
558692 
„5880 5 
58917 
59028 


58024 
558138 
„58262 
58369 
558478 
958591, 
58704 
„58816 
„58928 


„3e 


5803 5 
5881749 
„58263 
7558377 
558490 
ere 
58715 
58925 
558939 
559051 


Sog 
558161 
558274 
58388 
58501 
„58726 
58838 
58950 
559062 


558058 
588172 
558286 
„58399 
558512 
5862 5 
558737 
5588 50 
558961 
9873 


„58070 
58184 
58297 
„58410 
58524 
558636 
58742 
„58861 
588973 
5904 


558760 


257997 
58081 
58195 
558309 
„58422 
58575 
58647 


758984 
259995 


59140 
„59251 
589362 
59472 
59583 
59693 
569802 
„59912 
„60021 
560130 


O 


2 


— 


| 


»59151 
„89262 
59373 
59483 
59594 
559704 
559813 
259923 
„60032 
560141 


559162 
„59273 
559384 
559494 
59605 
559715 
59824 
159934 
560043 
5601 52 


4 


$ 


»$9173 
»59284 
»59395 
59506 
559616 
„59726 
559835 
59945 
500054 


60163 


259184 
„59295 
59406 
159517 
„59627 
59737 
159346 
559956 
„60065 
560173 


559195 
559 306 
559417 
59528 
559038 
59748 
259857 
»59966 
560076 
„60184 


— 


59 207 
39318 
89428 
759539 
159649 
259759 
559888 
55997 


3 


— 


260195 


6 


$ 


5 
nth. „ 


3 


— 8 


„5692 | 


Ma Oe — 
* * 


22 


2 


600861 
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TABLE or: LOGARITHMS. 


Numbers from 4000 to 4600. 


1 


14 
Logs. from 560206 to 66276, 


K 


— 


1 


2 


4 


| $ 


þ — 


6 


7 


8 


61172 


563246 


64246 


560206 
„60314 
560423 
60530 
5606 38 
560746 
„608 53 


„609 59 
„51066 


657278 
561384 
561490 
61595 
561700 
„61805 
„oe 
562014 
62138 
a 


,60217 
60325 
560433 
560541 
560649 
5607 56 


„60970 
561077 
561183 


„60863 


„60228 
60336 
560444 
605 52 
,606v0 
560767 
550874 
„6098 1 
61087 
561104 


„60239 
60347 
60455 
560 563 
„60670 
560778 
„6088 5 
580991 
„61098 
„61204 


561289 
61395 


„61606 
61875 
62024 


„62128 
„62232 


61920 


„61300 


„6140 ß 
661500ʃ,61571 


61616 


„61826 
61930 
562034 
562138 
„62242 


62325 


102531 
562634 
62737 
562839 
562941 
563043 
63144 


562335 
„62 5 


62747 
562849 
562951 
563053 
63155 
„632 5 


„62246 
62428 562439 „62449 
2562552 
„62644 „562655 


5662757 
62859 
62961 
563063 
563165 
563266 


563347 
63448 
63548 
563649 
563749 
563849 
63949 
„64048 
564147 


563357 
563458 
563558 
563659 
563759 
563859 
63959 
„64058 
564157 
„64256 


63367 
62468 
563558 
563569 
63769 


„638696 


63969 
„64068 
64167 
554266 


561310 
„61416 
56152 


„61627 


561711 . 


61836 
561941 
62045 
„62149 
62252 
62356 
662459 
„62562 
„62665 
„62767 
„62870 
562972 
63073 
63175 
„63276 
63377 
563478 
63579 
63679 
163779 


63879 
63979 
564078 
5664177 
64276 


6249 
„60358 
„60466 
560574 
„60681 
„60788 
„6089 5 
61002 
„61109 
561215 


61321 
561426 
561532 
5661637 
„6742 
561847 
5661951 
„6205 5 
„62159 
562263 


„60260 
„60369 
66477 
560584 
„60692 
60799 
60906 
„61013 
„61119 
5651225 
561331 
5661437 
561542 
„61648 
„61752 
561857 
561961 
62066 
562170 
562273 


„62366 
„62469 
562 572 
„62675 
562778 

62880 
„62982 
563083 
„6318 5 
63286 
563387 
563488 
63589 
63689, 
563789 
563889 
563988 
„64088 
564187 
„64286 


64345 
»64444 
»64542 
564640 
564738 
„64836 
164933 
»65031 
565128 
56522 5 


564355 
64454 
„64552 
„646 50 


64748 
564846 


64943 


64365 
564464 
564562 
„64660 


64375 
564473 
64572 
„64670 


64758 


„64768 


648 56,6486 


64953 


„65040 , 650 50 
65137565147 


65234 


5244 


105321 
565418 
165514 
6560 
565706 
5665801 
565896 
65992 
„56087 
566181 


555331 
65427 
665523 
565619 
565715 
565811 
65905 
,66001 
,66cg6 
566191 


55341 
65437 
565533 
„65029 
565725 


56 5820 


565916 
„66011 
„66106 
„66200 


64963 
„6500 
65157 
165254 
65350 
65447 
65543 
65639 
65734 
658 30 
565925 
„56020 
66115 
„66210 


| 


04305 
64433 
„64582 
564680 
64777 
5664875 
64972 
565070 
65167 


655263 


„65 360 
65456 
565552 
68648 
565744 
65839 
55935 
„66030 
566124 
„66219 


62377 
„62480 
62583 
56268 5 
562788 
562890 
62992 
563094 
63195 
63296 
63397 
63498 
663599 
63699 
63799 
638996 
63998 
„64098 
64197 


64395 
64493 
64591 
64689 
64787 
56488 5 
564982 
65079 
565176 
85273 
65369 
65466 
65562 
65558 
65753 
65849 
65944 
„66039 


„66229 


60271 
503729 
„60487 

560595 
60703 
„608 10 
60917 
„61023 
561130 
„61236 


„60282 
60390 
„60498 
60606 
„C0713 


,bogor | 


60509 , 60520 


60617 
60724 


608201, 6 


600 
61034 
561140 
661247 


564296 


„6613446 


561342 
5614438 
161553 
561658 
„61763 
61868 
,61972 | 
„62076 
462180 
„62284 


62387 
E2490 


262593 
„62696 
562798 
,6290c 
563002 
563104 
563205 
263205 
163407 
„63 508 
„6369 


„63709, 6 


03909 

3909 
64008 
„64108 
„64207 
64306 


564404 


64503 
564601 
664699 
64797 
64895 
64992 
„65089 
65186 
„65283 


665379 
65475 
65577 
565667 
65763 
565858 
565954 
66049 
6143 
„66238 


„64316 


61352 
„61458 
561503 
561669 
561773 
56187 8 
561982 


„6208616 


562190 


102294 |,62304 


262397 
62500 
„62603 
„62706 
„62808 
„6290 
563012 
5663114 
„63215 
633217 
163417 
563518 
63619 
3219 
163819 
103919 
+64018 
„64118 
564217 


— 


„60831 


60938 


561045 
61151 
261257 
„57363 
61469 


7574 
61679 


561784 
„01888 
561993 


102097 
„62201 


62 304 
„62408 
562511. 
„62613 
„62716 
„62818 
5629217 
563022 
563124 
563225 
63327 
163428 


1 
50293 60303 


„60412 


„60627 
6005 
„60842 
boggo 
„61055 


62375 


561162 
261268 


67574 
61479 
561584 
561690 
6729. 
62899 
„62003 
7] 
„62211 


62418 
52521 
„62624 
62726 
„62829 
62931 
63033 
3134 
5632 36 
3337 
63438 


563528 
„63629 
663729 
„63829 
63929 
„64028 
„64128 
564227 


63538 
163039 
103739, 
63839 
63939 
8 
64137 
64237 
564335 


6444 
64513 
564611 
„64709 
64307 
64904 
»65002 


04424 
64523 

8 
64719 
„64316 
564914 
„65011 
„65108 
6520 5 
565302 


64434 
64532 
64631 
64720 
„64826 
64924 
65021 
65118 
„65215 
165312, 


7566247 


565398 
£5495 
65591 
„65686 
65782 
65877 
6597 7 
.66068 
,66162 
„66257 


O 


1 


2 


3 


4 


5 


6 


7 


65403, 
65 50 
65 
65796 
„65792 
65887 
65982 
„66077 
"66272 
66266 


8 


Lt. 


5 —— ———ů  - - 


[= o | 


TABLE os 


Numbers from 4600 to 5200. 


I 
36270 cafe 
461 |, 637066380 , 


'479 68834 68043 
48⁰ 6812468133 


56884268851 68865 
8931 8940/68949 


59897 69906 69914 
„998469992 „50001 
| 502 1,70070 170C79;,70088 
503 70157/70165 70174 
504 7024302 62 
| »79329[,70338 
,506 70415, 7042470432 
507 25of , 705. 70578 
508 705361970595 470603 
172672/,70630!,7c639 


1— 


? 


57127371282 


69 566 „695746 
5963669644 569653 „69662 
69723 ,69732 659740, 69749 
9810, 69819 „69827 569836 


L. OGARITHMSò. 


e I SE 
66314 5632366332 


66801 266817, 
5566894 „66904, 
6697, 66997, 
567080 5670889 , 
167173 567182 5 


„68205 
2 „682 60 68269 6 6828768296 
568332 gr one »68368| »68386 
5668422 68440/68449 , 68476 
568571 68529 568 538, 550 ½%6856 
568601 „68619/568528 568637 68646 „6855 
568590 5687086871 68744 
568780 „6879768806 156883 
„6886 568886688 973568922 
„689 58 56897 5 268984 : 9002 |,6901 1 
„69046 55 95 69 090 69099 
5 559152,69161 569188 
569232 6924769249 69276 
69311½69320 6932969338 5569364 
5408,94 17,6942 56 44369452 
„69487 „69496 569 504 56951 „695 79 
5695 369 392,69 80 r, 69609 „69627 
569671 „69679 „696886 „69714 
9758/69767 ,69775 »997841,69793/,69801 
21290451»69854|,69962 59880/69888 
59923,69932 „59940 9949.99 58 69975 
„70010 70018 70027, 20036 70044, 700 53 „70062 
»7co0g6 270T05|,701 1470122 70131, 70140 570148 
570183 70191 970200\,,0209 57021770226 70 34 
„70269 57027870286 20295, 70303, 570321 
70355, 70364, 70372 70381, 70389 7 
270441|,70449 70453|,70467|,70475 70484, 70492 
70526 78377 544.70552, 706 72559 70578 
570612 570621 90 ess esse sz Je, 
72097 [270706\470714|,90724 70731], 70740; 50-48 
970783 70791|,708%0| 70808 27817 ,70825\,70834 
270868 7087678850893 7 eο 270910|,70919 


„70986, 
71037/71046 171054\,71062 571071, 
7112271130 7173971747 71155, 
[37126 271214 7122371231 271240!, 
571290 571209 773077375 71324 


521/665 30, 553966540 
61466624 66633 ,66642 
„66708 566717, 


— ee 


0 68169 68178,6818 56 


144. 409 
Logs. from „66276 to 7 1600 


06727/,66736 
6682 „66829 
6697366922 
. — 

67099, 67 108 
62191/67201 


6737 |,67385 


6801 568024 
5820668775 


70995 71003 
779.1085 
7717641772 
7724871257 
71332491343 
714671425 
2 


2 8 72 
3 


517 7734977377, 1366 171374[271383!,71591 77399/77408, 
518 714135721441½½14 50 7145871466 „ 7149 
1 , 8 17 525 SST 710 5750,71 „715 21575 
7 8 LS 71525;27153 — 21550 — 9 2 715 1 
e | 3 ? 4 5 7 

te ———————— — — 

CE v— * WV : * 
Yor. 1 o 3: 2 


410 


Numbers from 5200 to 5800. 


TABLE or LOGARITHMS. 


2 


144. 


Logs. from 71600 to „76343. 


— 


„ 


„„ 


n — 


2 
—_— 


RIP IP * 


„ 


T 9 


— 


531 


ö 


550 


351 
552 


No 


572754 
572835 
„72916 
„ 2997 
73078 


173159 


73239 
573320 
$506 
571410 
73565 
„73640 


6 „7379 
7 737973807 ,738ʃ15 


1 
7 1009 
71692 
71775 
71858 
571941 
72024 
„72107 
72189 
ee 

+72 354 
72436 
72518 
172599 
„72081 
72762 
72843 

72925 


eee 
73086 
22 
73247 
73328 


2 


571617 
571700 
71784 
571807 
571950 
572032 
e 
57219 


72250}, 
972.362 


72444 
272526 
572607 
572689 
172770 
»72852 

72933 
„73014 
73094 
273175 


EFT 
571525 

571709 
171792 
71875 
7195 

572041 
172123 
72206 
72288 
72270 


4 


Sl 


0 


71634 
171717 
„71800 
71883 
71966 
72049 
72132 
572214 
72296 
172373), 


71642 
271725 
»7 1809 


71650 
571734 


571817 


71892 71900 


571975 
572057 
572140 
572222 
72304 

72287 


71983 
572066 
572 148 
272230 
72313 
1272395 


7 


71959 


171742 
71825 
71908 
571991 
572074 
721506 
172239 
72321 
17243 


5 


ES - 


571667 
571750 
71834 
171917 
571999 
„72082 
„72165 
72247 
772329 
„72411 


71075 
771759 
571842 
571925 
72008 
72090 
572173 
172255 
272337 
„72419 


572452 
72534 
„72616 
572697 
572779 
72860 

172941 

73022 
573102 
73183 


72400 
172542 
72624 
172705 
72787 
572868 
72949 
73030 
573111 
22 


572409 
72150 
572632 
572713 
172795 
272590 
572957 
573038 
573119 
973199 


573255 
73336 


73405 3416 


73488 
7156 
73548 


8.7357 


73496 
573 56 


73727573735 


573873 7388673894 
1473957 7966 ,72973 


350 74056 en 74952 


741574123 
274210 


74194 
74273 
74351 
774429 


6 74727 


86 
24855 


[28745 


74879 
74896 
74974 
575051 
„75128 
575205 
75282 
75358 
275435 


574202 
74280 
174359 
174437 

74515 


— 


2424 


174131 
74288 


474307 


374445 
»74523 
574001 
74679 

74757 


76173584 


27 3207 
»7 3344 
27 3424 
573504 


373272 
73352 
973432 
73512 
73592 


573664 


„73902 
73681 


74060 
»74139 
174217 
574296 
174374 
574453 
574531 
74609 
74687 
174704 


»73072 


73743473751 
73823157 


3830 
27 3910 
73989 
274098 
574147 
574225 
74304 
74382 
174461 
+74 539 
74617 
174995 
| 74772 


375557 
7564 
575740 
75815 
575891 
1»7 5967 
976042 
476118 
576193 
„76268 


1 0 


F 


7482774834 


74981 
57505 

27513 

275213 
75289 
»7 5366 
575442 


75595 
175671 

775747 
75823 
75899 


22555 


175539 


1759741759 


,76050, 
576125 
76200 


574912 
74039 
750 

575143 
575220 
97 $297 
175374 
27 5450 
27502 


75603 
75679 
75755 
75831 
75906 
= 
7 

<p 
76208 


7827514762830) 


3 


61,75074 


174542 
174919 
74997 


75151 
75228 
75305 
75281 
75458 
N. 
75610 
75686 
75762 
75838 
»7 5914 
575989 
75065 


74850 
274927 
75005 
„75082 
575159 
75736 
575312 
75389 
75465 
«75542 
75018 
75994 
75770 
75846 
575921 
75997 


570072 


576140 


23 


2225 | 


76143 


562157522 


8 


573280 
„72360 
27 3449 
„73570. 
„73000 
73679 
573759 
73838 
73918 
173997 


[372477 


72558 
5720640 
372722 
72803 
„72884 
„52965 
73040 
73127 
173297 
573288 
573388 
73448 
373528 
7 3608 
73687 
737627 
73346 
73926 


„74005 


57248; 
72567 
572648 
272730 
72811 
72892 
572973 
273054 
573135 
73215 


572493 
572575 
„72656 
572738 
571819 
72900 
72981 
573062 
573143 
71223 


572501 
72583 
72665 
72740 


* L kai 


„72908 
72989 
73070 
573151 
73231 


73296 
73376 


„73456 


173536 
27 301 

73695 
73775 
73854 
73933 
74013 


[+7 3304 
73384 
173464 
73544 
2730924 
»7 3703 
273783 
73862 
573941 
74020 


573312 
73392 


»7 3632 
„73711 
573791 
73870 
573949 
274028) 


274070 
574155 
174233 
574312 


74390 


274465 
574547 
1 4924 
»74702 
74780 


274858 
174935 
575012 
75089 
75166 
575243 
273320 
115397 
575473 

2554 


„74084 
574162 


574241 
74320 
74398 
74476 
74554 
74632 
574710 
274758 


37486; 
74943 
575020 
75097 
75774 
75251 
75328 
75404 
75481 
175557 


74092 
174170 
574249 
574327 
574400 
74484 
74562 
7404 
174718 
274796 
74873 
574950 
750²⁸ 
75105 
»7 $182 
$7 5259 
»7$335 
»7 5412 
75488 
75565 


274099 
274178 
274257 
574335 
574414 
74492 
174570 
74648 
747260 
74803 
ATT 
»74958 
„75035 
575113 
575189 
575266 
75343 
17 $420 
75496 
75572 


„74186 
74265 
574343 


74578 
174650} 

74733 
74811 
74859 
74966 
575043 
575120 
575197 
575274 
73351 


75580 


4 


775633 
575709 
75785 
575861 
575937 
576012 
,7 6087 
76163 
„76238 
6372 


75641 
75717 
575793 
„75808 


575944 
„76020 


76170 
576245 


46220 


| 7 


76095 


175648 
5 
758 OO 
75876 
»7 5952 
76027 
„76102 
76178 
762 53 


8 


76328 


175050 
375732 
„75808 
75884 
575959 
2789035 


„76110 


479260 


| 


—— 


ä 


_—_— 


1 2 


nnn r el 


7282) 


575427 
575504 


„75185 


176335} 


— —_ 


17 3472 | 
73552 


74107 


— 


* 
— 


— — — — 


— - — — — > 
r =» a —__= r Pr. Pe * bs - * 


— —— — — — 
mu Mw: - OX oa 


— — — 
r 


D ——  _— 


_ — —_— 


— — — 


aao. 


TABLE or LOGARITHMS. 144. 411 


Numbers from 5800 to 6400. Logs. from ,76343 to ,80618. 


p SAY — — 1 * A. 


F CI 


** 


* 


539 [277743 


„78247 
„578319 


29934 


O 


3 


7 


1 


4 


4 


5 


170342 
570418 
270493} 
»76567 
576641 
576716 
76790 
75864 
576938 
577912 
77085 
277159 
77232 
177395 
177379 
77452 
577525 
577597 
77070 


177515 
577887 
77960 
578032 
178104 
78176 


575390 
78462 


76350 
76425 
57650 
76574 
576649 
56723 
76797 
76871 
76945 
77019 
177093 
77100 
577240 
577313 
277356 
77459 
577522 
,77685 
77677 
577750 
177822 
77895 
77967 
78039 
578111 
578183 
78254 
578326 
78397 
78469 


78533 
173604 
7867 5 
78746 
578817 
„78888 
78958 
579029 
179099 
79169 
179239 
„79309 
179379 
»7 9449 
279518 
179538 
579657 
179727 
79796 
75865 


178540 
,78611 
„78682 
78753 
573824 
78895 
7896 5 
79036 
579 106 
79176 
79246 
79316 
79386 
79456 
79525 
79595 
79664 
79734 
79803 
79872 


80003 
80072 
80140 
Sozog 
80277 


80340 
80413 


„8oꝗ482J, 80489 
J. do eo 


„79941 
580010 
z8c079 
;Lol47 
„80216 
580284 
80353 
8042 


80 5 57 


0 


I, 


28475 


76358 
76433 
20557 
26856 
776730 
776805 
76879 


5769 52 


577026 
577 too 
77773 
177247 
577320 
177393 
577466 
77539 
577012 


77685 
577757 


277830; 
177902 | 


177974 
173046 
„78118 
78190 
578262 
78333 
78405 


578269 
„78340 


76365 
576440 
76515 
76589 
76664 
76738 
„76912 
75886 
7 6960 
277934 
377 167 
377181 
177254 
177327 
27 7401 
77474 
177540 
„77619 
77692 
577764 


70373 
576447 
576522 
76597 
76671 
76745 
70819 
76893 
76967 

77041 


76350 

76455 
270530 
76604 
,76678 
576753 
76827 


„76901 


760975 
77048 


177115 
77188 
577261 
177335 
1774-8 
177481 
277554 
77627 
77699 
77772 


77122 
177195 
77259 
77342 
177415 
577488 
77561 
77634 
177706 
177779 


6 
76388 
76462 
76537 
„76612 
576686 
76750 
70834 
76908 
76982 
„5756 
— 
577129 
„77203 
277270 
177349 
17 7422 
17749 
7756 
177041, 
577714 
577786 


7 
76395 
576470 
76544 
„76619 
76693 
576708 
76842 
„76916 
576989 
77063 
177137 
577210 
77283 
117357 
577430 
77503 
77576 
577648 
577721 
77793 


8 
7643 
76477 
576552 
76626 
76701 


n 


9 
57040 
76485 
70559 
576634 


7670 


7677576782 
„7684976856 


576997 
577070 


76923769 0 


177004 
+J7O07K 


77144 
577217 
177291 
77364 
77437 
277510 
77583 
177650 
577728 


77151 
177225 
577298 
577371 
77444 
577517 
57590 
77663 


77801 


77837 
77909 
577981 
78053 
578125 
78197 


77844 
277916 
77958 
578061 
578132 
78204 
78256 
78347 
78419 
78400 


77851 
577924 
77995 
„78068 
78140 
78211 
78283 
78355 
78426 
97 8407 


177859 
277931 
78003 
78075 
78147 
578219 
»7 8290 
578362 
78433 
785 


78547 
„78618 


78689 


„78760 


78831 7 


78902 
78972 
579043 
579113 


1791831-79190| 
7925379260 
57932379330 
279393 „79400 
79463 


579532 
„79602 
79671 
579741 
„9810 
179379 


79948 


580017 
Soo8 
80154 
„8Soz23 
$0291 
80359 
80428 
80496 


80664 


78979 
„79050 
79120 


579470 
79539 
579609 
179678 
79748 
79817 
79885 


78561 
578633 
175704 
178774 
78845 
78916 
78986 
579057 
79127 
279197 
— ww 


78569 
78640 
78711 
578781 
78852 
7923 
78993 
179954 
179134 


17924 


.78576 
78647 
578718 
78789 
788 59 
78930 
579000. 
179-71 
2/9141 
579211 


7786 
77938 
78010 
578082 
78754 
578226 


78937 
579007 
79078 
79148 
29218 


577873 
577945 
578017 
78089 
78161 
578233 
273305 
78376 
78447 
78519 


7850 
78861 
„78732 
78803 
78873 
78944 
79014 
79085 
579155 
79228 


579021 
779092 
579162 


579232 


57926779274 
57933779344 


79407 
179477 
79546 
„79616 
79685 
179754 
79824 
570803 


79414 
79484 
579553 
79623 
„79692 
79761 
79831 
5790 00 


„79281 
179351 
579421 
7949 
279500 
796 30 
796909 
579768 
79837 
70906 


„59288 
79358 
79428 
79408 
79567 
579637 
579706 
179775 
79844 
79913 


79295 79302 
793065 79372 


579435 
579505 
279574 


579713 
79782 
79851 


579442 


»79509 


17953 ||] 
17994479650 


579720 


„79789 


798 58 
„79920 „79927 


79935 
„88024 
,80cg2 
80 161 
80229 
80298 
„80366 
8434 
80 502 


29902 
80030 
Soo 
80168 
80236 
8030 5 
80373 
80441 
,$050g 


79909 
8oo37 
$0106 
80175 
80243 
80312 
80 380 
89348 
80516 


579975 
80044 
580113 
580182 
8oꝛ 50 
580318 
80387 
„50455 
80 523 


79982 
80051 
80120 
„80188 
580257 
„80325 
80393 
„80462 
8030 
80 898 


-74 929 
80058 
„80127 


80195 
80332 


„Soboa 


„80264 


80400 
„80468 
„805 36 


79996 


„80065 
80134 
„80202 
„80271 
580330 
80407 
2380475 
80843 


80 67 8052280584 


yum 
6 


= 
/ 


% 


i. 


„80611 


0 


— 


412 


Numbers from 6400 to 7000. 


Logs. 


TABLE or LOGARITHMS. 


1 


44. 
from „80618 to 845 10. 


„„ 


580753 


80889 
Sog 56 
81023 
8 1090 
581157 
181224 


Joss , Sce25 
dose ,So693 


Sosz 1, 8082“ 


1 


50700 


dodge 
8og63 
81030 
58 1097 
581164 
581231 


2 | 


3 


4 


5 


6 


1-4 | 


83632 
Sog 
580767 
58083 5 
,$0902 
896 
81037 
581104 
871 
81238 


2,8063 % 


$0706], 
80 

80841 
8ogog 
280970 
581043 
581111 
81178 


8916 


80645 
89713 
„80781 

580848 


„80983 
81050 
581117 
81184 


58 12455 


581291 
581358 
81425 
581491 
81558 
581624 
581690 
181757 
81823 
581889 


581298 
581365 
81431 
581498 
87564 
$1631 
581697 
581763 
81829 
581•95 


81954 
82020 
8 2086 
$2151 
582217 


581961 
7282027 
582092 
„582158 
82223 


581305 


581637 


81704 581710 281717 
517790. 


581836 


— 92 58190881915 

51968 ,5197481987 
„82033 „82 40; 482046; 
\$2099'\,$2105|,$2112 


581311 


51371,81378 
8143881445 
8150581511 87518 
1577.81 


8 
584844 


81776 
81842 


81318 


51251 


81385 
91451 


81884 
81651 


81783 
581849 


58216482171 
82230, 82236 


82178 
„82243 


288652 
80720 
580787 
8085 5 
80922 
Soc 


81124 
81191 
81258 


81057 
581131 


88659 
80726 
80794 
580862 
8929 
,80996 
$1064 


81198 
81265 


580868 


7 
80665 
80733 
80801 


dog 36 
8 1003 
81070 
81127 
81204 
81271 


580672 
88740 


80808 
80875 
80942 
581019 
81077 
581144 
„81211 
581278 


581325 
81391 
81458 
81525 
581591 
32657 
581723 

37700 
81856 
81921 
87987 
„82053 
„82119 
582184 
582249 


581331 
81398 
581465 
581531 
81598 
581664 
581730 


81796, 
„8 1862,8 


1928 


51904 
„82066 


82060 
„82125 


81338 
81405 
8471 
581538 
581604 
81671 
81737 
1803 
1869 
21935 
8 zacoo 


82132 


„8219182197 
5225682263 


81345 
$1411 
81478 
81544 
81611 
81677 
81743 
„81809 
581875 
581041 
82007 
82073 
82138 

„82204 


8.269 


„80679 
80747 
„80814 
»80882 
80949 
581017 
8 1084 
81151 
81218 
581285 
81351¹ 
„81418 
81485 
581585 
8161) 
81684 
581750 
„81816 
„81882 
581948 
82014 
82079 
„82145 
582210 
82276 


wy 


— 


13 — 


582802 „82808 


„8228282289 
8234782354 
8241382419 
24782484 
8 543 2849 
52057 610 
82672 ,82679 
8223782243 


„82866 „82872 
85 93082937 
E $2995|,$3001 
830 59 83065 
83133 83129 
83187 583193 


„82295 
82360 
582426 
582491 
82556 
82620 
582685 
5827 50 
582814 


„82879 ,32885 582892 


52943 
83008 
83072 
83136 


83200 ‚8320⁰ 83213 


582302 , 82308 
582367 82373 
8243282439 
8249) „82504 
82562 82569 
8262 82533 
„8269282698 
532756 „82763 
.8S2821,82827 


82950 82956 
83014583020 
83078 8308 5 
8344283149 


8325183257 
»$3315|,$3321 
e$3378|,3338; 
82442 83448 
83506 83512 
828256 575 
83 36328 3639 
8369683502 
(»$3759|-$3765 
83822 33828 


83264 512708 N76 
5352785535 133340 


83391 


8345583401 583467, 
3257455883353. 
583582583588 
83645 583651 
583708 


83771 


83835 


82315 


82575 


583027 


82380 


„52445 
582510 


82640 
„82705 
„82769 
582834 
82898 
582963 


82321 


82582 


582711 
„82776 
82840 
582905 
82969 
83033 


83091 


83155 


83219 


83097 
83161 
83225 


823870784395 
52452 


82646 ,826 fz 


58232 


582 458 
825228 
82588 


582718 
582782 
82847 
582911 
829756 
383040 
583104 
583168 
83232 


858233432341 
„32300, 82406 
92565 359 

30, 82536 
82395734557 


82659 2656 
827248273 
82789 „82795 
„8285382860 
22918 ,82924 
8292 „82988 
53846, 83032 
8310568317 
5317483187 


83398 „83404 


83394 
83658 
8351583721 
87778,83784 
83841 83³47 


8386 585891 
8294883954 
34011,84017 
84073, 84080. 
84136ʃ,84142 
584198.84205 
1.84261,84267 
| 8432384330 
84386,84 392 
8444884454 


„84211 


538978 
83900 
584023 
58 4086 
84148 


84273 
84330 
84398 
8440. 


5356759 6 9 0 
5396783973 
84029, 84036 
„84092 , 84099 
415584161 
8421784223 
848%.4235 
5434284348 
84404, 8441⁰ 


83283 


333478333383359 
„83410, 8417,8342 
83 3474 8348483485 534938349 


58 3289 


83296 


8523883244 
83302, 83308 


835 37 83544 83555 


8360¹ 


83664 
83727 


83295 
83853 

83976 
83979 
„84042 
„84105. 
84167 
84230 
84292 


8435⁴ 


584417 


84479 , 


O 1 


2 


en 
3 4 


c 


183007 
83 3670 
$3734 
83797 
583800 


| $3613 
483677 
$3740 
83803 


83866 


8336683372 
-$34291,83436, 


83556ʃ,83563 3 
83 620% 3026 
8368383689 
35746 583753 
8389983816 
83872583979 


58 3923 
83985 
84048 


$417: 
.84236 
84298 
84361 
84423 
33455 
6 


583929 
582992 
84055 
84117 
584180 
584242 
84305 
5843678 


2 


8 393 5,8394 
83998, So 
434061|.84067 
»34123],84130 
8418684192 
84248, 8425 5 
84311,84317 
84373843790 


844291 84435 „8444 
84. N 4 


1 


— 


K 


— „ 


— 


172 


2 
G2 


Numbers from 


— 


/ 


ooo to 7600. 


Logs. 


TABLE Or LOGARITHMS. 


144. 412. 


from ,84510 to 


88081. 


— 


88 6— et — 


1 


2 3 


4 


3 


6 


7 


| 9 

5845 10 
84572 
84634 
„84696 
84757 
584819 
84880 
84942 
85003 


584516 
84578 
„84640 
584702 
84763 
84825 
„84887 
84948 
8 5009 
585071, 


84522 
84554 
84646 
84708 
74770 
„84831 
84893 
154954 
8 4010 
— 


„84528 
84590 
5846 52 
84714 
584776 
84837 
84899 
84960 
85022 
85083 


84535 
84597 
„84658 
584720 
584782 
584844 
84905 
„84967 
58 5028 
8 8089 


84541 
584603 
8466 5 
584726 


7848 50 
584911 
84973 
8 5034 
85025 


584671 


584970 


85101 


84647 
84609 


84733 
-847881,84794 


5848 56 


84979 
58 5040 


84553 
584615 
84677 
84739 
84800 
„84862 
84924 
84985 
8 5046 
5856107 


8 


584559 
84021 
584683 
584745 
584507 


84868 
84930 


84991 


58 5052 
85114 


— 


584 566 
584628 


84751 
584813 
84874 
84936 
84997 
8 5058 
85120 


585126 
85187 
8 5248 
85309 0,85315 
85370, 88376 
8543185437 
8549785497 
8555285588 
2 
585 5679, 


85132 
85193 


85254 


8513888144 
85199585205 
7 5260 58 5266 
8532185327 
85382 
8544385449 
8550385509 
85564585570 
85625 „85631 
85 568585691 


>$53881,85394], 


58 5150 
85211 
85272 
85333 


8545 5 
585516 
85576 
585637 
58 5697 


585156ʃ,8 
585217 
85278 

85339 
$5400 
85461 
85522 
85582 
88643 
85703 


85467 
85528 


85649 


5163 
85224 
8528 5 
85345 
58 5406 


585588 


8570 


585169 
852308 
85291 
205352 
85412 
85473 
8553⁴ 
85 594 
58 5655 
185715 


85175 


85236 


58 5297 
35358 
85418 
35479 
„85540 
8 5600 
585661. 
85721 


585181 
85242 
85303 
85364 
8 5425 
88485 
535546 
585006 


72 % 


21 ,8 5794, 85800 


5858 54 85860 


585914, 5920, 


8597458 5980,8 
5860 34.8604 


586153 „586159 
86213 „86219 
729 8627386279 
730, 86 332,86338 
„8639286398 
,86451(,86457 
86510, ,86516 


186747 |,$6753 
86806 86872 


„86982, 86988 
070401107048 

87099ʃ, 87105 
87157 „87163 
$7216,,87221 
87274 


8739⁰˙ 
137445 
87 506,87512 
58756487570 
5722,87 629 
8767987685 
87737787743 


87852ʃ,878 88 
„87910/87915 
8796 ,87973 
9 88024 , $8030 


,36094|,36100 


86570 „86576 
86658 86694 


739 808 4|,36870 
740 |,8692 2 „86929 


87280, 8 
8733487336 
587396 
8745⁴ 


287 539557800 


85745 585751 
58590 58 58 12), 
Atte 

3522688922 
86046 36033 
„86106, 86112 
86165 „86471 
586225 8623 1 
86285 „862 91 


85757 
85818 
585878 
85938 
55998 
„86088 
586118 
„86177 
86237 
„86207 


86344 ,86350 
„86404 „86410 
86463 „86469 
28225828 
„86581,86587 
86641 "$6646 
8670, 8670f 
867 59 586764 
586817 „86823 
86876 86832 


6935 „86947 
5699486999 
57052 „87058 
87111/,57176 
87169 87175 
3 287233 
7286 ‚87291 
8734⁰ 87349 
87402 
587460 
457518 
87576 
87633 


87466 


87523 
587581 
87039 
587691, 87697 
8774987754 
87806, 87812 
„87864/87869 
58792187927 
87978 ,87984 
588036, 88041 


8740 


86356 
„86415 
86475 
86534 
86593 


„8671 
„86770 
„86829 
86888 


„86652 


85763 
85824 
85884 
85944 
„86004 
86064 
586124 
86183 
„86243 
86303 
„86302 
586421 
586481 
86540 
86599 
„86658 
86717 
„86776 
86835 

86894 


86947 
87005 


587122 

587181 

87239 
87297 
87355 
87413 
87471 


,57064 


157245 

$7303 
"$7361 
587419 


8422 


85769 
58 5890 


586189 
„86240 
„86 308 


85830 


8 89 o 
„86010 
„86070 
586130 


85775 
85836 
58 5896 
85956 
86016 
86076 
586136 
586195 
58625 5 
86314 


285781 
585842 
58 5902 
58 5962 
„86022 
86082 
86147 
86201 
586261 
586320 


85787 
585848 
58 5908 
„8 5968 
„86028 
„86088 
586147 
586207 
586267 
86326 


„86268 
86427 
586487 


„86603 


86 546 


56374 
86433 
86493 
86552 
586611 


5666486670 


86723 
„86841 


„87251 


„86782 


3 


809 53 59 58 
870118701) 
87070, 87075 
587128 ,87134 
87186,87192 


„57309 
87367 
22 


586729 
„86788 
86847 
„86906 


586380 
„86439 
86499 


786558 
586617 


586676 


586735 


86794 


868 53 
86911 


586386 


586504 
86 564 
„86623 
„86682 
586741 
„86800 
5868 59 
86917 


586964 
587023 
587081 
587140 
587198 
5872 56 
287315 
87373 
87431 
87489 


586970 
87029 
587087 
587146 


587204 


587262 


587 320 


87379 
87437 
587495 


86976 
87035 
587093 
587151 
„87210 
„87268 
„87326 
87384 
„87442 
,875c0 


587529 
87587 
87645 
87703 
587760 
„87818 
87875 
587933 
87990 
8807 


„87535 
587 593 


437708 

87766 
„87823 
587881 
87938 
87996 
„88053 


0 


2 2 


A 


c 


„8765108 


187541 


87772 
587887 


E 


87 590 
7656 
587714 


87829 
587944 


„88001, 8 
288058 


87547 
„87604 
587662 


87777 
87535 
„87892 
57950 
8007 


* 


87720 


588064 


37552 
587010 
587668 
„87726 
87783 
587841 
87898 
587955 
„88013 
88070 
8 


87558 
„87616 
587674 
587731 
„87789 
„87846 
87904 
587961 
„88018 
88076 


0 


| 


584689 


$5727 


86445 


414 


TABLE or LOGARITHMS. 


=O 


I 44; 
Numbers from 7600 to 8200. Logs from ,88081 to 91387, 


as 


0 


588081 
788138 
588195 
5882 52 
88 zog 
588 366 
588423 
588480 
588 536 
88 593 


588201 
588258 
88315 
288372 
83429 
88485 
88 542 
1338593 


588649 
588705 
588762 
588318 
588874 
5889 30 
88986 
589042 
89098 
807 84 


88055 
88711 
588767 
288824 
788880 
889 36 
588992 
89048 
589 104 
39189 


— 
88144 


588150 
588207 
588264 
88321 
288377 
588434 
88491 
88 547 
588604 
88660 
8877 
88773 
588829 
78888 5 
788941 
88097 
89053 
39109 


39275 
39271 
89326 
„89382 
89437 
8949 
89545 


7896 58 


882213 


89768, 89774 
589843 9 


„8387 
89933 
39988 
90042 


90097 


290151 


,90206 


589603 ' 


90260 


789221 
589276 
. 
893 
00 
„8949 
89853 


$9609 
89654 
89719 


589829 
89883, 8 
89938 
89993 
90048 
90102 
590157 
190211 
90266 


88093 


22155592 


as 


588098 
588156 
588213 
588270 
788326 
588383 
88440 
88497 
88553 
588610 
588066 
588722 
188779 
588835 
88891 
88947 
89003 
890 59 
589115 


58970 


750726 
589282 
89337 
89393 
589448 
89504 
09559 
, $96141,8 
589669 


39724 


89779 
45883 


, $9964 
89998 
590057 


590108 0 


590162 
590217 


590271 2 


190477 


,yogs 5 
9ob 3 
90693 
590747 
,00800 


905 54 
9 907 
90961 
91014 


91121 
91174 
591228 
91281 


590314 
90369 
90423 


90531 


9õ 


01734 


590320 
590374 
90428 


90536 
„90590 
590644 
90698 
907 52 
9080, 


905 59 
290913 
90966 
591020 
291072 
91126 
„91180 


— 
2329 


90a 82 


290325 
90380 
90434 
90458 
9054 
90596 
90650 
590703 
1907 57 
90811 
Nouns 
+ ab 

90972 
91025 
91078 
91732 
91185 
91238 
591291 
91344 


3 


I 


Ie, WD 
588 104 
88161 
88218 
588275 
88332 
88389 
588446 
88582 
88559 
88615 
88672 
588728 
88784 
„88840 
588897 
889 83. 
89009 58 
89064 
589120 
89176 


1 


588110 
788167 
588224 
588281 
588 338 
88395 
88451 
88 508 
88 864 
88621 


6 


_— _— m 
588116 


88173 
5882 30 
788287 
88343 
88400 
88457 
88513 
88570 
588627 


7 
588178 
88235 
488292 
88349 
„88406 
88463 
88519 
588576 
886 32 


88121 


1 


88172) 
88184 
88241 
588298 


588412 
588468 
88525 
588 581 
88638 


85577 
88734 
88790 
„88846 
2 
— (þ 
078 
589126, 
„89182 


8868 3 
88739 


88795 
38852 


10904 
g0201,8 
9076 
9131 
291787 


„88908 8 


88689 
88745 
588801 
588857 
5 8565 


ets? 


39087 


89137 


589103 


275 
R 2 
529343 
89 398 


185 
L 


590331 
90385 
90439 
90493 


91030 
91084 
91137 
91190 
991243 
91297 
135 


1 


>89237|; 
58929 
588345 


8924 
58929 
89354 


89404 


0,8962 5 


89790 
589845 
„9900 
589955 
oog 
590064 
90119 
90173 
90227 


589680, 
199730 38973559741 


89409 


89454 \-89459|,B9465 
\89515\,8 9520 
>$9570\,89575 


89031 
89686 
89741 
29796 
898 51 
89905 
89960 
90015 
90069 
90124 
901 

990233 


90282 


90390 
90444 
90499 
90553 
9 
90660 
90714 
90768 


L59822 


90287 


90336, 90342 
90396 
904 50 


50554 
90558 


0607 , 906 12 


90666 
90720 
90773 
590827 


589248 
89304 
89360 
80415 
89470 
89 526 
589581 
89636 
589691 
8974⁰ 
57% 
895 56 

589911 
8996 


290075 
290729 
90184 
90238 
28293 
990347 
590401 
590455 
90509 
90563 
590617 
590671 
90725 
990779 
2908 32 


90575 
90929 
90982 
291036 
91089 
91142 
97196 
991249 
91302 
21255 
e 


590381 
90934 
909 
91041 
91094 
91148 
91201 


91307 


6 


of ann 
„89 1260 
| | 


590886 
90940 


$1,90993 


91046 
,91100 
»91157 
291206 
591259 
91312 

91365 

IF 


88694 
5887 50 


88863 
„88919 
988975 
5589031 
39087 
89143 
589198 
59254 
89310 
89365 
589421 
89476 
89531 
589586 
589942 
89697 
»89752 
89807 
589862 
89916 
89977 


,90020f,yg0026 
good 


90135 
90189 
90244 
90298 
90352 
590407 
90461 
590515 
90569 
590623 
90677 


591052 
59110 
9115 
591212 
91265 
91318 


PRE 


8 


„58355 


„588807 


- 
00 
00 

+ 
— 

YZ 


588925 
„88981 
89037 
„89092 
89 148 
89204 
59260 
82375 
89371 
589426 
589481 
189537 
189592 
89647 
„89 02 
$9757 
898 712 
89867 
»*c022 
89977 
8031 
„908 
290140}. 
90106 
90249 
190304} 
903580 
90412“ 
90466 
„60520 
90574 
,99628! 
90682 
290736 
90589 
3890843 
go8g7 
490950 
,»9 1004 
91057 
91110 
91164 
991217 
291270 
191323 
91376 


— 


— 


9 


r 


Wn” * 


—— 


e 


5 


TABLE Gr LOGARITH Ms. 


Numbers from 8200 to 8800. 


— — 


„— 


O 


91381 
591434 
91487 
9154 
291593 
291045 
»9169 

191751 
591803 
991855 


3 


91492 
9154 
9159 
91651 
991703 
91756 
„91808 
91861 


2 


— — 


91392 


91445 
91498 
91551 
91603 
91656 
91709 
591761 
91814 
91866 


92376 


91908 
591960 
92012 


592117 
792169 
192221 
92273 
92324 


92064 


91913 
91965 
92018 
92070 
„92122 
92174 
„92226 
92278 
292330 
592281 


2222 


594300 


„92428 
92480 
192531 
292 583 
2 
92686 
292737 
592788 
92840 
92891 


592433 
592485 
92536 
592 588 


* 


191397 
9145 
291503 
91556 
591609 
791661 
91714 
59 1766 
591819 
1871 
PEE 7 


vw 
12 


91403 
91455 
91508 
91561 
er, 
59166 

91719 
91772 
91824 
591876 


5 


6 


7 


144. 415 
Logs from ,91381 to 04448. 


S — 
8 9 | 


291408 
»91461 
291514 
91566 
91619 
591672 
291724 
91777 
591829 
91882 


991413 
»91466 
»91519 
191572 
91624 
91677 
591730 
91782 
91834 
91887 


591418 
91471 
991524 
91577 
591630 
591682 
91735 
291727 
91840 
591892 


9191891923 


291971 
„92023 


91976 
92028 


92075, 92080 
„92127921 
22145 


92179 
592231 
92283 
92335 
92387 
192438 
[92499 
192 $42 
»92593 


92639-92645 


592691 


592696 


9274292747 


92793 
92845 
92896 


192799 
.92850 
592901 


592236 
592288 
292340 
192 392 
92443 
#92495 
»92547 
92595 
92650 
592701 
92752 
592804 
92855 
02906 


97929 
591981 


59208 5 
92137 
92189 
192241 
»92293 
»92 345 
+92 397 


92033 


291934 
91986 
92038 
92091 
592143 
592195 
292247 
592298 
592350 
»92402 | 


192449 
»92 500 
92552 
92603 
592655 
592706 
592758 
92809 
592860 
592911 


592942 
592993 
193044 
»93095 
»93146 
93197 
»9 3247 
93298 
93349 


593500 
93551 
193603 
93651 
9370 
293752 
93802 
93852 


993952 
94002 
94052 
94101 
294151 
594201 
594250 
9430 
1944349 


93229 
»9 3450 


»92947 
92998 
593049 
593100 
593151 
193202! 
593252 
93303 
93354 
92404 


»93455 
793505 
93556 
593606 
93656 
93707 
93757 
9380 
93857 
93907 
93957 
94007 
940 57 
594106 
94156 
594206 
194255 
994305 
194 354 
»94404 


0 


592952 


293003 


93054 
193105 
93156 
29 3207 
93258 
93308 
93359 
»93409| 


93460 
593510 
93561 
593611 
93667 
793712 
9376 
93812 

93862 
593912 


93962 
594012 
94062 
294111 
194161 
194211 
94260 
94310 
994359 


2422 


192957 
93008 
93059 
593110 
293261 
93212 
193263 
»93313 
93364 


793465 
293515 
293 566 
»93616 
93666 
93717 
93767 
93817 
93867 
97917 


92962 
593013 
93064 
293115 
593166 
93217 
593268 
593318 
93369 
425 
93470 
593520 
593571 
593621 
593671 
93722 
293772 
93822 
93872 
593922 


293414] 


»J24 54 
»92505 
»92557 
92609 
92660 
92711 
92763 
92814 
9286 5 
92916 
92967 
593018 
93069 
593120 
93171 
93222 
193273 
93323 
293374 
293425 


592819 
[292921 


»91939 
91991 
292044 
592096 
792148 
5924200 
292252 
92304 
92355 
192407 
92459 
192511 
»92 562 
592614 
792665 
792716 
292768 


592870 


192973 
593024 
193075 
93125 
93176 
993227 
193278 
93328 
293379 
593430 


593475 
793526 
93576 
593626 
93676 
93727 

93777 
593827 
93877 
93927 


193907 
94017 
9406 
94116 
94166 
594216 
94205 
94315 
:9430q 
94414 


2 


93972 
„94022 
94072 
594121 
9471 
294221 
94270 
»94320 
94369 
E 


93977 
94077 
594126 
94176 
94226 
1094275 
94325 
194974 
204424 


93480 
193531 
93581 
93631 
593682 
93732 
93782 
93832 
93882 
193932 
93982 
94032 
94082 
94131 
594181 
»94231 
94280 
294 3391-94 
94379 
»94429}» 


4 


7 


593887 


9194 
191997 
»92049 
592101 
192153 
92205 
192257 
292309 
92361 
92412 


91424 
91477 
291529 
91582 
91635 
91687 
91740 
91793 
591845 
191897 
»91950 
292002 
92054 
592106 
92158 
92210 
592262 
992314 
92366 
92418 


291429 
91482 
91535 
991587 
591640 
591693 
591745 
91798 
591850 
—— 
591955 
292007 
19205 
592111 
92163 
592215 
292267; 
292319 
192371 
592423 


92464 
592516 
92567 
592619 
592670 
592722 
292773 
592824 
92875 
92922 


92469 
592521 
192572 
»92624 
92675 
592727 
292778 
92829 
92881 
2929323 


92978 
293029 
93090 
93131 
593181 
993232 
93283 
93334 
93384 
293435 
»93485 
793536 
93586 
593636 
93687 
1937 37 
59378 
593837 


22227 


293957 
94037 
94086 
194136 
594180 
»942 36 
94285 


3430 
»944 33} 


»92983 
793034 
59308 5 
593136 
93186 
293237 
93288 
293339 
993389 
93440 


92474 
592526 
292578. 
»92629 
592681 
592732 
292783 
92834 
592886 
92937 
592988 
293039 
593090 
293141 
293192 
593242 
593293 


93344 
93394 


293445} 


293490 
293541 
»93 591 
93641 
93692 
93742 
593792 
593842 
92892 
193942 


93992 
94042 
594091 
94141 
294191 
94240 
794290 
94340 
94389 
24428 


6 


7 


8 


93540 


293495 


93596 
93646 
93697 
92747 
93797 
193547 
»93397 
193947 


193997 
94047 
154096 
294146 
94196 
294245 
94295 
1943 

1043 


224443 


0 


7 ** A 


— 


o 


— —_—_ 


\. 


n 


9 


= 4? * 


— 
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415 TABLE or LOGARITHMS. 


I 


44+ 


Numbers from 8800 to 9400. , Logs. from 04448 150 997313. 


82 


2585595867 


- 1959991 ,99cog 


29633296336 


596520, 96 52 5 


797174 


97267 


0 1 
594448 ,94453 
94498 , 94503 
594547594552 
9459694601 
„94645, 94650 
94694594699 
94743594748 
94792594797 
9484194846 
2390/04895 
94939 
594988 
295036 
95085 
95134 
795182 
995231 


94993 
95041 
95090 
295139 
195187 
295236 
»95279{,95284 
59532895332 
295370 (95391 
59542495429 
595472595477 
59552195525 
95569595574 
9561795622 
95665 „95670 
79571395718 
59576195766 
9580995813 


„9590495909 
9595295957 


95047 96052 
96095, 96099 
»96142|,96147 
»96190},96194 
2962371,96242 
,96284!,96289 


»96379',96383 
[96426;,06431 
»9647 3',96478 


96567 „96572 
9661496619 
596661 96666 
„96708 ,96713 
96755967 59 
:96802 96806 
9684896853 
9689 5, 9690 
959496946 
95988 96993 
97035 97039 
597081 ,97086 
9712897132 
197179 
197225 
197271 


597220 


— — 


94458 
94507 
194557 
94606 
9465 5 
294704 
194753 
94802 
94851 
9249 
»94944|,94949 

»94998 
95046 
795095 
195143 
295192 
»95240 
295289 
195337 
295386 


»9 5434 
95482 
95530 
95578 
595626 
95674 
95722 
195770 
95818 
95866 


95914 
95961 
96009 
796057 
596104 
96152 
96199 
596246 
9629496298 96303 
299341 5345953 50 


IE 


1 
5944063 „94408 


— — 


— 


9451294517 
9456294 567 
,940111|,94616 
94660 9466 5 
94709, 94714 
9475894763 
794807 ,94812 
94856,94361 
»94905 |,94910 


- 


—u— 
94473 ,94478 
594522 
594571, 
594621, 
94670, 
594719 
94768, 
94817, 
594866 » 
59491 5/ 


1 


8 


94527 
94576 
94626 
94675 
94724 
94773 
94822 
94871 
94919 


594778 
94827 
594876 
994924 


94483, 9448 
594532 
94581 
294630 
94680 


94729 


294537 
594586 
222 
59468 5 
1947 34 
94783 
94832 
940 
24929 


94954 7949 59 
„950029 500 
95051/95056 
9500595105 
95148595183 
295197 „95202 
95245952 50 
9529495299 
95342 „95347 
22991598395 
79543996444 
995487 „95492 
9553595540 
9558395588 
79563195636 
9567995684 
795727 ,95732 
195775{,95780 
»95823/,95828 
»95871|.95875 
»95915|,95923 
»95966|,95971 
9601496019 
96067 „9606 
96109 ,96114 
»96155|,96161 
96204, 96209 
96251962 56 


1 


96388 
96435 
96483 


90 577 
96624 
296670! 
»96717 
96764 


96811968 76,9682 


96393 96398 


96440 , 96445 


9658196586 
9662896633 
596675 „96680 
9672296727 


596450 
96487 , 96492 
9653096534969 ,96 544 


96769 96774 


94963 
595012 
595061, 
295109 
595158, 
95207 ,95211 
29523553 
93303, 95308 
95352595357 
295405 


95448 „95453 
95497 
59554595550 
95593595598 
595646 
95694 


»9 5400 


95641 
295689 
595737595742 
9578595789 
95832 


— —— 


295501 


595837 
05880, 95885 


94968 
95017 
95066 
95114 
95163 


95260 


94973 
595022 
»95071 
595119 
95168 
995216 
295265 
953173 
595361 
295410 
95458 
95506 
195554 
»95602 
95650 
95698 
795746 
95794 
95842 
595890 


94978 
95027 
95075 
99512495129 
95173595177 
5952215226 
9327095274 
9531 
95366 
95415 


95463 
595511 
95559 
595007 
95655 
95703 
95751 
957990950 
95847 „95852 
9 5896 „95899 


94493 
94542 
94640 
594689 


294836 


95564 


— — 


94591 
94735 
94787 


94885 
194934, 


9498 


195032 
>95020. 


»95323 
»95371 
95419 
95468 
95516 


595612 
95660 
295705, 
95756 
95d 


795928,95933 
95976 „9 5980 
596023, 96028 
96076 
96123 


596071 
96118 
596166 
96213 
296261 
96 308 
2355 


59593 * 
59598 5 
96033 
596080 
596128 
»96171|,96175 
596218 
596265 
96313 
296360 


596270 


96223 


796317 


9594295947 
295990 995995 | 
»96033|,95042 
9608 5 „96990 
»99133;,96137 
»961391,9618; 
296227 |,96232 
296275 „96280 
296322 290327 


2365,96 


596402 
96497 


96591 


96732 
96778 
96825 


9685896862 96857 


596904 
96951 
95997 


,97044 


97090 
97137 


97183 


97230 


197276 


2 


96909 „96914 
5969 56 „96960 
297002 |,97007 
»97049,;,97053 
197095 j,97100 
9714197146 
59718897192 
597634 ,97239 
97280, 97285 


3 — 


596872 
96918 
9696 5 
597011 
97058 
97104 
97151 
197197 
597243 
597290 


4 


96407 
96454 
596501 
96548 
99595 
590042 
96685 96689 
96736 
96783 


96970 


96830 
,96876 
90923 


97016 
97063 
597109 
97155 
597202 
197245 
197294 


199412) 
»96459 
96506 
96553 
966 
796647 
596694 
96741 
96788 
96834 


, 3691299374 
196417 
96464 
96571 


96558 
96605 
296652 
296699, 
»96745 
96792 
2⁵39 


596381 
596928 
96974 
97021 
97067 
97114 
597160 
9 ,αỹᷣ 
297253 
597209 

7 


9688 
96932 
96979 
297025 
597072 
97118 
97165 
97211 
197257 
197304 
8 


. 
—6⁴⁰⁵⁰ 
790515 
„96562 
96609 
9665 
96703 
967 
96797 
96844 
90890. 
90937 
96984 
197037 
»97C77 
797123 
9716 
97216 
97262 
50 7 % 


5 | 


6 


——— 


— 
ad 
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TABLE or LOGARITHMS. 144. 417 


Numbers from 9400 to 10000. Logs. from ,97313 to ,99996 


* 


K6— 


( N 
949 
941 
942 
943 
944 
945 


3 ww * 
ww 
— 


O 


1 


2 


3 


4 


5 


6 


7 


8 (| 


97313 
97359 
97405 
97451 
197497 
»97 543 


597589 


597635 
97631 


197727, 


»97772 
97818 
97864 
597909 
07955 
59 8000 
98046 
98091 
98137 
98182 


97317 
97364 
597410 
97456 
»97 £02 
97548 
597594 
59740 
9768 5 
19773 
197777 
97823 
597868 
597914 
587959 
598005 
598050 
98096 
9 141 
98186 


oO 
— 


98227 
598272 
598318 
98363 
598408 
95453 
798498 
98543 
598 588 


98032 


98232 
98277 
98322 
98367 
98412 
198457 
»98502 
98547 
598 592 
798637 


97322 
597368 
97414 
597460 
797506 
597552 
97598 
597644 
97690 
97736 
97781 
97827 
97873 
597918 
97964 
g Soo 
798055 
598100 
98146 
508 191 


997327 
297373 
97419 
97465 
97511 
197557 
97603 
97649 
97695 
97745 
„97786 
97832 
97877 
797923 
97968 
93014 
5980 59 
98105 
98150 
98195 


297331 
197377 


997424 


97470 
97516 
597562 
597 C7 
»97653 
197699 
97745 


97336 
97382 
597428 
597474 
597520 
97566 
597612 
5976 58 
197704 
507749 


297 340 
»97 387 
»97433 
97479 
597525 
197571 
297617 
97663 
97708 
97754 


97345 
97391 
1974 37 
597483 
97529 
297575 
597621 
597662 
297713 
597759 


597350 
97396 
597442 
97488 
197524 
»97 550 
97620 
97672 
197717 
597763 


75350 


1 


— — — 


597400 
197447 


9749300 


97539 
97585 
597630 
797676 
597722 
597768 


597791 
97836 
597882 
997928 
297973 
598019 
98064 
98109 
98155 
98200 


598236 
98281 
98327 
98372 
98417 
98462 
98507 
98552 
98597 
598641 


98241 
98286 
198331 
98376 
598421 
98466 
98511 
98556 
59860 
298646 


798677 
98722 
598767 
798811 
5988 56 
9d o 


6 98945 


98989 
99034 


99078 


98682 
98726 
98771 
598816 
98860 
98905 
98949 
98994 
99038 
99083 


99123 
99 167 
599211 
199255 
99300 
99344 
99388 
599432 
99476 
99520 


599564 
599607 
99651 
99695 
99739 
99782 
599826 
998 70 
99913 


99 29957 


O0 


599127 
799171 
99216 
,992 60 
99304 
99348 
599392 
99436 
9940 
99524 


„98686 
98721 
98776 
598820 
98865 
98gog 
»9 954 


599043 
999087 
99131 
99176 
99220 
99264 
99308 
299352 
99396 
99441 
299434 
»99 828 


598691 
98735 
598780 
59882 5 
598869 
98914 
98958 


98998, 99003 


599047 
599092 
29735 
299180 
299224 
99269 
299313 
999357 
299401 
199445 
99489 
99533 


98245 
98290 
98336 
598381 
98426 
9847¹ 
798516 
98 561 
98605 
98650 


197795 
97841 
597886 
597932 
797978 
„98023 
59 8c68 
598114 
98159 
598204 
5982 50 
98295 
9534⸗ 
95385 
598430 
98475 
98520 
98565 
„98610 
98655 


97800 
97845 
97891 
197937 
97982 
„98028 
598072 
598118 
98164 
598209 


597804 
97850 
97896 
297941 
97987 
98032 
98078 
98123 
598168 
598214 


97809 
797855 
597900 
97946 
9799 7 
298037 
98082 
508127 
98173 
598218 


982 54 
98299 
98345 
92590 
99435 
38486 
98525 
598 570 
598614 
986 59 


982 59 
98304 
98349 
95394 
93439 
598484 
98529 
98574 
98619 
598664 


59826 

98308 
98354 
295 399 
»98444 
598489 
98534 


98579 
98023 


273% 
97859 
997905 
5297950 
97996 
298041 
98087 | 
98132 
98177 
598223 
98268 
98313 
798358 
98403 
193445, 
98493 
98538 
98583 
59 628 


598668 


598673 


798695 
98740 
98784 
98829 
98874 
98918 
98963 
599007 
599052 
99056 


598700 
98744 
198739 
298834 
»98878 
98923 
9967 
599012 
99056 
99 100 


98704 
98749 
98793 
98838 
98883 
98927 
98972 
599016 
599061 
299105 


98 708 
98753 
98798 
98843 
98887 
98932 
98976 
599021 
99065 
22109 


599140 
99185 
99229 
99273 
599317 
99361 
599405 
599449 
599493 
199537 


»99145 
99189 
299233 
799277 
599322 
599366 
99410 
1994 54 
799498 
299542 


599149 
599193 
99238 
599282 
599326 
599370 


9941499419 
299458) 


»99 502 
»99546 


»99154 
»99198 
99242 
Dean 
599330 
599374 


599463 
599 506 
99550 


299025 


—ůůů— —ʒT 2 


599467 
599511 
599555 


98713,98717 


298755 
98802 
98847 
98892 
98936 
98981 


99069 
99114 


598762 
598807 
988510 
98896 

98941 
98985 
99029 
99074 


99158 


99292 


199247 | 
»99291 
99335 
99379 
599423 


99118 

pon 
»$9207 
»99251 
99295 
99339 
99383 
99427 
599471 
99515 
599559 


99 568 
99612 
996 56 
99699 
99743 
99287 
998 30 
599874 
99917 
99961 


99572 
599616 
99660 
799704 
599747 
99791 
99835 
99878 
99922 
99065 


99577 
599621 
599664 
599708 
599752 
599795 
99839 
99883 
99926 
222 


599581 
99625 
99509 
599712 
997 56 
9d oo 
99843 
9988 
99930 
9004 


99585 
99629 
99673 
599717 
99760 
99804 
599848 
99891 
509935 


599 590 
599634 
99677 
19972! 
199765 


589808 i 
995 32 
99896 ,09500},99404 
1£9939 |+99943 |-99948|,c 
19999 3{-99987 {29499 1 


599594 
599038 
599682 
599726 
„99769 
899813 
5998 50 


599599 
599686 


599042 


99730 
99774 
299817 
9861 


799647 


599603 


99691 
»997 34; 


599865 


2 


3 


4 [ 


99978 
* 


"RK! 


— 
1 


3 


| 


VoL. II. 


Ft 


418 TABLE or SI? NES AND TANGENTS, 


145. 85 
; O Degice Le I Degree | 5 
Mt Sine 0 - ſine Tan gent|Co-tang. | [1M Sine ] Co-hne{ Tong, |Co ting. | | N 1 
0 0 0,0c0c0i1,coopo}o,ococef Hr. = ©:8 24186 9,9999315,24.192{5r 1,7 5808 | ; 
x6.4637319,9995916.463-5j1 353627150) 118,2499319,9999318,24910111,7c090j5g) +5 
26, ½6 97990996, 7647613, 23 252455 | 218,255c919,9999318,25616 11,7424 55 ] 
3,9,94<85/9,9999910,9493 511305315457; 313,20 30419,99993{8,:6 31251 2,7:685[57 1 
4½%,06 579%, 959997, 005 9/2, 93420560 48, 26988999992 8,2699611, 30045 * 
51716270, 99 99907, 16270012, 8373055 515,2766119,99592{8,27669]11,72331 350 1 
6.241889, 999997.24188(12,758 1254 65,28324 9.99992 828332 11,71668ʃ54 : 
717, z0832]9,9c999{7,30882[12,69118|53;| 718,2897 719,9999218,28986}|:1,71014);5 + & 
817. 36022[9,9999917,36532[12,63318}52/} 8 $,29621 9,99991{8,29629/11,70 371152: | 
| 017-4 179719+9999917:41797[12,5” 231511 | 913,3025519,9999118,30263)11,607 37/51) * 
107.463739.99999½7,46373 err 50 10s, 3067909. 9999 10, 30858, 112150. 1 
„50512, 9990907. 505 122,94 849 (118,319 5,9999 08,3 5051,68 49 5149, Ir. 
12217+$429119,9999917»54291 12,45709|48|[12 8,32103/9,:9590[3, 32312{11,67888)48; of 
131745770719,999599;7 57767112,42233j47j11318,3270219,99990:$,32711}11,672%9 47] 5 
1407, 6098 59,9999, 60986012, 3001446148, 33292.99990%8,33302 11,6695 465 - 
[1517-6398219,99999]7»53982[12,36018{45|[1515,3387519,99990(8, 33856/11,06 114/45 10 
167, 6784%, 9990 917.6785 12,332!5{44|[1618, 344501949995 915,344 1111,655 390144, nh 
1717,69417/9,9959917-69418[12,30532{43;[1-18,3501819,9999g9!3, 350291 1,6497 1/43 11 
187, 719009, 9999907, 190012, 8 10042088, 355789,99989 8, 35 590011,644 70447 19 
1917.74243.9 999997, 74248 D 190]8,3613119,99989;8,36 14 3/1 2885871 — 
20% 74 5,9909907, 7647612 235244 (C8, 36678, 999 8, 36689 11,033 11 49, ay 
21,8 594\2,9999917»78 59 5112921405139! % 118, 372 1719,9995818, 37229/11,62771116 8 
NES 78061 519,99999 7-30615112,19325]3$\[2213,377 3049.99938j2, 3776211, 62238038 a 
(23 7782 545 949939|7-82 546124174 54\371(23/$,38276{0,99987j8,39289 11,637 11];7 0 
+: 715439 319+99999 7+34 394j12,15606136i[24[3, 38796}0,9998713, 32809{11,61191[36 ap 
5178 166% 9999977,86167/12, 3833 3812513, 3931<19,9998715 $,39323/11 560677535 110 
f: 260 82870 9,9999 ,/87871½12, 12129033] 208,98 18,99986 8,3983211 60 68054 120 
7.88 559ʃ9,99999 7,89 51012, 149% 3 [27|:,4032<(9,99986 8.40334 1,59666133) 121 
1688 9999991089012, 0891103202808, 408 16,099 $618,403 30 12,50478932 1 
297626129. 99998/792613 1207387851 298, 41 30% 9008 508,4132 111,867 2 31] — 
30 2.94084, 99095 7,4086012, 89 146301[3 008, 4179209998 541897 887930 39 | 5 
317.9858089 99993;7,95510/12,0449029]13113,4227 2 * 942287 11,57 773% 2 ap 
32 90887 9,9998987, 988912, 317118032, 42746,999848,42762 1157238 22 2 
3317 -9=223/9999995(7,95225112,01775127113315,432 1619,96- 84 125639 1, 5976027) a 
3447+99520,9,99993(7,99 522/12 1478064 8,4368049, 959848, 436% 1, 30 304% ö 30 
358.00 77919, 99998 8,007S1111,992 19/25 [35 $,4413919-9993 315 $,44156 11,5 58846 30 
3008, c 200 :9+99992|3,02004{11,97906/24 36 3.15500 97983 8.44611/11,55389/24 ti; 
378.3192 9,999978.03194½11,968 % 3j137|8,4.504 49,993,450 1,5493953 j 
3848,43 50 9,99997 none II, 95047122 38 9945499 9,7998208 45 50% 11442 31˙2 
39 28222222 3,0548111. 9451912 395,459 309. 09982 9,4792811. 5 5 39 
408, O0 57 89.999978, co 58 111,934 9½⁰ 408,46366, 99982] 954638511, 53 3615120 a 
[an $,076 5019,99997 $,07653]11,92347|191j418,46793[9,99581[8.46817|11,53183|19 pe 
4255. 08696 95999978, 8 70011, 91300. 8428, 4722609, 9998 18,4724 511, 5275/18 7 
431 8727186 99997 8.09722011, 902780170436, 476 5009, 99980 8,4766911, 523317 +3 
445 10717 9,9999 2 11,89280160[44/, 48069 9.999 0 8,48059ʃ(11,51 911/16 34 
45 8. 11693, 999963, 1169611, 88 304/150] 58 $,4648594999801 8,48 50: 11,51495i15 85 
46,5,1264719,99996(8,12651117,37349/14([40 8.488959, 99979 8,4897 ,51083014 5 
48,1358 19.999906 8,7358 5 11,864 150130[478, 493049, 999798, 4932 0,0675013 2 
4319-1449519,29996|8,14500{11,35500112114518,497089,99979|8,49729|11,5027 111211 15 
10 8,15 3919.969968, 15395, 8460 661749 ]8. 50 1080.999788. 50130011, 49870011 42 
50j*,1026519,09995;3,16273111,$3727110|1$018,50504[9,99978/5,505271 11,4947 3|1 * 
5108,17128,9999 808, 17133/182867 9108, 50897, 99977 8, 50920, 490800 9 52 
528, 1797 10, 99995 8,1797611, 82024 80518, 51287, 999 778,513 011,48690f 8 1 
536,1879 89,9999 5/8, 18804 1, 81196/7535, 516739,999778,5 1696,48 30407 3 
454.5 8,1961009, 9999 58, 1901611, 80384] 60548, 5205 5,9997608. 52079 11,479 210 0 1 
5508, 2040) 9.999945, 2041301,79887 5/55 .5454½,99976 8,52459111,4754!| 5 : 
56,8,21189 9,99994 3,2119501, 78805] 4/568, 528 109.9997 5 8, 528350 11, 471650 4 55 
5718, 219580, 999948,21964 11. 780360 3[1571*,5318319,9997 513, 53208j11,46792| : 1 
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9 908149, 8607310, 13927 
9,9090 509.8610010, 13900 
9.9079 6%, 88126010, 13874 


10, 14140 
10, 14113 
10, 14087 
10, 14060 
10, 14033 
10, 14007 


{Co-fine 


Sine. 


o-tang| Tangent 


— 


nee 


lo 292982 


5 5 Degrees 


»- 
hae. — 
: — 4 


54 Degrees 


— 


— — — — 
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93764 57 
39.7697 
9.76991 
9.77009 
6 9.77026 
79777043 
8977061 
_9,9-77078 


9590795 
9,9078) 
9590777 
9.90768 
9790759 
9.90730 
9790741 
9790731 
9.90722 
9.90713 


9,8612 

9.86153 
9.86179 
9586206 
9586232 
9 86259 
9,80 ˖a8 5 


9.86312 
9.86358 
9786365 


| 


10. 13874 bo 
10, 13847 59 
10, 1382158 
10, 13794 57; 
10, 13708 56 
101374155 
513715 54, 
10, 13688.53 
1G, 13662 52 
10,13625.53 | 


1009,77 095 
1109,77112 
77130 
577147 


9598704 
9,9< 694 
9,9068 5 
9,9876 

14½9,77164, 906670, 86498 
159,7 181 
169,771 99 
17/9,77216 
1819,77233 
19 9.22250 


9,906 57 
9,90643 
9,9c639 
9,906 30 
9,90 b2c 


9,86392 
9,36418 
9,86445 
9.86471 


9.8652 


9.86603 
9.866 30 


10, 13605 50 
10, 13582 40. 
10,13555 48. 
10,13529,47! 
10, 13502 


10,13476 


9,86551110,13449 
9,86577/10,13423 
10513397 


10,13370 


„7728 


9,9061 
77285 9,9060 
229,77 3029, 90502 
9.77319 9.9058 
9.773369,90574 
9. 7357½9,9050 5 
9,773709,90555 
9,7738709, 90546 


9,806 50 
9,86683 
9, 86709 
9,867 36 
9,8676062 
9 80289 


10,3344 
10,3317 
10, 13291 


10, 13264 


10, 13238 
10, 13211 
9.868 15010, 13185 
9,8684210, 13158 


FY 


33819.77575 
3919-77592 


— — — 


37 Degices 
M| Sine Co ſine 
09. 7946(9,90235 
1957795399225 
29.779800, 90216 


9,87 738; 10,12262 
9,8776410, 12236 
9,8779010, 12210 


5'), $030 9,90187 
6,9,78047/9,90178 
7.997 063 9,90 68 
8 9,7 880g. 901 59 
99. 7007.9 9C149 


13/9-78163.9,90111 
.9-9010119,38079 
9,9009119,88105}10,12895 
9,9008209, 8813 
179.782 30 9, 900209. 88 
189,7824609, 9006 309, 881 
19 9.78263 9, 9005 300,882 1 


9.78280 9, 90043 


282 76010, 17764 
9,8826210, 11738 
9,78 313 9, 90024 


j 
3009, 784459, 89947 
3109.784019, 89937 


77710 
977727 
9,77744(9,903 
9.77767 


9.903689, 87343 
9.903 58, 87369 


9,87 396 


9,903 39|9,87422 


9,77405;9,90537[9,36568[10,13132 
2919 77422 9,90 52709, 8689.0 10. 13 106 
3919-7 743919. 9051819 86921110,3079 
319,774 569,90 50919, 8694710, 13053 
32/9-7 747 319-904<9 9,86974/10, 13026 
339.7749009, 904909, 5700010, 13000 
349,77 509. 90480, 8702710, 12973 
350.77524,%9047 1,8705310, 12949 
36 9,7 754319,90462 9587079010, 12921 
37 977 55819490452 9 $7106|z0,12354 
99044 3]9;37132!10,12 $68 
9.904 3409,87 158010. 128401 
5099.904249, 8718500, 1281520 
9, 904 1509, 872 11010, 12789 
9,9040 59 87238010, 12762 
9,90 3969, 3726410, 12736 
9.903869, 8729010, 12710 
9,903779:873 17/10, 12683 


10, 12657 
10, 12631 
10, 12604 


10, 12578 


9777778 
77795 
529,77812 
5309.778290, 90301 
$419-77546|9,90292 
55 9.778620, 90282 
56,9,77879/9,90273 
9.778969, 902 63 
53:9-7791 319-902 54,876 59 
59 9 779309. 902 
60 779459790235 


1 


953032 


9,90311 


9.903309, 87448 


9.87475 
9,87 501 
9.87527 


9.87580 
9, 87606 
9587633 


9,8768 5 


Co- ſine] Sine 


-o-tang 


9337 554 


9.877110¼10, 12289 


Tangent [M 


10,12552 


10,12525 
10912499 


10, 12473 
10, 12446 


10, 12420 


10,12394 
10, 12367 
1012341 


10, 12315 


53 Degrees 


— . Cs — 
* PU 


3209,7847 89,9927 


9908009, 8860310, 1139726 
9,8562910, 11371025 
9.886550, 1134524 
9,8868770, 11319023 
3 9,78576%. 89869 9.887070, 1129312 
9.728592 9,828 599.882 13J[t0, 1126271 


9,8875910, 112410 
9,8878610, 11214019 
9.888 12]1, 11188018 
9 $883$110,11162 


9.78609 9.8984 


9,7373919-3977 1 


51 9,7878809, 89742 9, 


$319,78521 9,89722 


559.7885209 897 
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© 
I 


3. 
4 


＋ 
50 


; 
E 


9.735 34 
1 78950 


bebe 


9,78967 
9,7898 Z 
19,75999 
19,7901 5 


| 


709 790479 
9,79063 
0479079! 


9 326522589282 


9.89643 
97589633 
9 89624 


9,8960 
9,89 594, 
9.39584 


989574 9,8948910, 10511 
9.89564 9,8915 


9.89389 
93.9614,9,38938; 


9,80307 
9,893:3 


9,39411 
9,89437 
9.89463 


10,10719 
10, 10693 
10, 10667 
10, 10641 
10, 10615 
10, 10689 
10 10563 
10, 10537 


Co-tang. ſ 


10,10485 


60 
59 
58 
57 
56 
55 
54 
53 
52 
81 


Sine 


239 Degrees 


Co- ſine | Tang. 


 |Co-'ang | 


9,79887 
9,7990J 
9,79918 


9, 80027 


9.89050 
9,39c40 


9, 39030 9,9038g9 
9,7993400, 89020 9,90914 
9.75% 8988509 9. goc 40 
9.79965 9, 88999 9,9096 
9,7998 19,88 89 9, 90992 
97996 619.8%978 9,9101% 
9,80012|9,88968 9,9104 3 


9.9083 
9.90863 


9,0 1069 


10,09 111/58 


10,09060\56 


10 
11 


1 
15 


2 


12 19979128 
$3/9179144 


9-79095 
9779111 


979160 
9579176 


1 9979192 9.3485 


9.79208 
4 


1819,7922 


579240 


9:89554 
9.89544 
9,8934 
9.89524 
9.89574 
9,89 504 


9.89485 
9.89475 
9.89465 


655 


9589 541 
97589567 
9, 89 593 
9.89619 
9589645 
9589671 
9589697 
9,8972 3 
989749 
9,39775 


10, 10433 
10, 10407 
10, 1038 
10, 10355 


10, 10303 


to, 102 51 
10, 1022 5 


10, 10459 


o, 10329 


50 
39 
43 
7 
46 


10,10277 


KP, 


44 
43 
42 
41 


51075 


9589043 
9,*0058 
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1249 
13 
14 


9,8c089 
9,80105 
1609, 80136 
170, 801 51 
189, 801669, 
1909, 80 182 


| 


86. 
23832 5 

8886 5 
9.88855 


9,33948 


| 


9791095 


9,91-50 
9-91276, 
9791301 
9.91327 


1C, 07750 44 


10,8724 43 
10, 8609 42 


5008673 41 | 


2319»7930419 39425 
1793191939415 


19-3944 5] 


9,7935109, 89395 
9,7936719-39385 
9»7933319-39375 
29197939 9.89 364 


9.89455 
9.89435 


9.89801 
9.89827 
95898 53 
9589879 
9, 89905 
9589931 
9,899 57 
9,8998; 


9,90909110,09991 


9.90035 


10,10199 


10,10147 


10, 10173 


10, 10121 
10, 10095 
10, 10069 
10, 10043 
10, 10017 


10,9965 


34 


40; 
39 
38 
37 
36 
35 
33 


32 
31 


9.79563 


9.79431 
979447 


9779510 
9.79526 
979542 


9590061 


9,8934 


9,892 

9589284 
9.89274 
9,89264 


9,90 164 
9,90 190 
[9,902 16 


9,90112 
9,90138 


9,90242 
9,902 68 


9.99294 


10,093 36 


10,09939 
10,09914 
10, 9888 
10,9862 


10, o98 10 


30 
29 
28 
27 
26 
25 


24 
SS 


10,09784 
10,09758 
10,09732 
10,09706 


23 
22 
21 


9,80197 
9580213 
9, 80228 


20 
21 
22 


26 


9580244 
9.802 59 
9, 80274 
9, 30290 
9,80305 
9580320 


23 
24 
25 


27 
28 


38 


29 9.803 36 


9,888 44 


9.888 
9588813 


9.887 
9.88772 
9,8875 1 


1791353 


9,888 34,9,91379 
24,99 1494 


9,9 1430 


9,8880 309,9 145610, 8 544 36 
9„‚8879 309 91482 
$2.9 91507 


9,91533 
9,91559 
9,91585 


0, 8647 40 
10.0862 139 
to, o, 500 38 
10, o8 570 37 


10,8518 35 
10,8493 34 
10,8467 33 
IO, 0844132 
10, 8415 31 


9,80351 
9,803 06 
9,80382 
9,30 397 
9, 30412 


30 
31 


33 
34 


9.88741 
9.587 30 
9588720 
9588709 
9568699 


9580428 
yoo 


3519-5 
369-2043 


9,91610 
9.91636 
9,9 1662 
9,91688 
9791713 


9791739 


9.27705 


32˙80458 
389. 80473 
390,804 89 


. 


9.28657 
988647 


291791 
9: 91816 
9.91842 


10,08 390.30 
10,08 364 29 
10. 08338; 28 
10, 831227 
10,8287 26 
10, 826125 
19.082 35124 
1c,08204/2 3 
10, 08 18422 
10708155 21 


69, 79668 


9979573 
9,7959 
9.79605 
9,7962 
9.79636 
9.796 52 


47 
4 
49 


749, 79684 
809. 79699 


„79715 


9589244 
9789233 
97589223 


9,392 5419 


„90320 
9,9034 
9.90371 
9590397 


9,89213 
9589203 


9.89173 
9.89162 


9,38919319>99475 
9,39134[9,90501 


9,90423 
9590449 


9.90527 
9790553 


10,09551 


n0.00G6R80 


20 


10,096 54 
r0z09629 
10,09603 
10,09577 


10, 09 52 5 
0.09499 
10, g473 
10, 9447 


19 


17 
16 


2 


14] 


13 
12 
cy 


18 


40 
41 
42 
43 
44 
25 
46 
47 
48 
49 


9.80519 
9.80534 
9,805 50 
9,80 56 5 
9580580 
9580595 
9.8010 
9,8062 5 
9 $0641 


9, 80 504 


9,88636 
9588626 
97886 1 U 
988605 
9.88 594 
9-88 584 
9,88 573 
9,88 582 


9,88 542 


979 1868 
9 91893 
9791979 
9791925 
9.91971 
991996 
9 929022 
9,9. 048 
9.92073 


| 


9592099 


10,8132 20 
10,08 107 19 
10 0808118 
10, 8055017 
0 ,08029/16 

10,08004 15 
10,074.78 14 
10,079 52/13 
10, 0792712 
10,0 7001 ˙¹ 


51 
32 
$3 


$5 
156 
$7 
58 
59 


$919»797 31 


5419-79793 


599 


9.79887 


9979746 
979762 
9,79778 


9,79809 
7982 5 
7984009. 

9,798 56 

559872 


9,891 52 
9589142 


9.90578 


6.0004 
* 


9.89132 
9,89 122 
9.89112 


2 30 101 
9. 3905 
0.89071 
9,3g060 


9, 80050 


9, 90630 
9.90656 
9.90682 
990708 
9790734 
19590759 
9.9075 
9.90871 
9790837 


10, 09422 
10,09 306 
10,093 70 
10,0344 
10509318 
10,092 92 
10, 09266 
10, 9241 
10, 092. 5 


10 


8 
7 
6 
5 
4 
3 
2 


10 09189 
10,0163 


ICo-ſine 


Sine 


a 


C rang] Tangeat. M 


— —.— 


915¹ 


9,806 50 
9.80671 
9, 80686 
9580701 


80 
52 


9.88531 
9588521 
9788510 


nN 88 ann 


9,92125 
9.92150 
9,92176 


53 
54/9-80716 
5519.80731 
5600, 80746 
570. 80762 
581980777 
79.9, 80292 
609. 80809 


II” VIP 
9788489 
9.88478 
9788468 
9.33457 


9, 88436 
9.88455 


9,8844 , 92330 


802207 


10.0785 
10,78 50 
10,7824 
10,7798 


© 81 


9792227 
9702253 
992279 
9,92 304 


9,922 56 
9792381 


1007773 
19.7747 
to, 07721 
10, 7696 
1007670 
10, 7644 
10,7619 


—— 


[Co- fine 


_ Sine | 


Co-fine 


E arena, 


— 


Tangent. 


50 50 Degrees 


* 


10, 908657 


10,8905 50 5 
988937 9,9112110 10857 9 49 
9, 800749, 88927 9.911470, 08863 48 
9,88917 9,9117210 o 8828 47 
9,859c6 9. 951980105 886246. 
9,8012009, 88896 9,12 240,545 
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41 Degrees 
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Co- ſine 


Tang. 


| 


©19, $0807 
219, $0822 
219. $08 37 
319, 808 52 
9 8080 
9580882 
9580897 
9.80912 
9,5092 
9. 80942 


| 


9 


9,88425 


9,88 404 
9.88 304 
9.88383 


9.884159 92407 


9.92381 


9979243 
959245 


2 042484 
79277 


9,88 372 
9788362 
9.88351 
98834 
9288330 


9592510 


9792535 
9592561 
9792587 


9.92512 


Co-tang 

10,519 b 
10,07 59359 
10,0 56758 
1,0754257 
10, 751656 
1,0749055 
10, 746 ; 54 
19,07439]53 
10,07413;52 
10, 7388061 


1009, 80957 


11 


9.80972 


1209580987 
1309, 8 1002 
14,8107 


1509, 81032 
169, 81040 
1709, 8 1061 


1809, 8 1076 
1909, 81091 


9,88 308 
9.88298 
9.38287 
9,83276 
9588206 
9,88255 


9.88319 


9,9212638 
9.92603 
9.92689 
9792715 
9.92740 
992766 
9792792 


9.88244 
9.88234 


978822309, 9286 


9.92817 
9.22843 


10, 7362050 
1,0733749 
10,07 311048 
10,728 5047 
10,072 46 
10,0723 45 
10, 7208 
10,7183 
10, 7157 
10,7132 


43 
42 
41 


dine 


— 


Co- ne 


Tang. Co tang 


9581694 
1541555 
219,8 1723 
9.81738 
41931752 
5 9.81767 
609.8178 
9581796 
9.818 10 
9,8182 5 


3 


9 


9937778 
9,87767 
9,87750 
9787745 
9.87734 
9.87723 
9,8771200, 9406 

9.8770 1, 9409 5 
9,8769009, 94 120 
978767909, 94146 


9.9391 
9793942 
9.93967 
9793993 
9,9018 
9794 


10,6084 bo] 
10,06007[57 
10,0593 -p54 
10,0 58 54 $I 


10 9581839 


9.876689, 94171 


9.81884 
9.81868 
9,3 1382 
9.81897 
9581911 
9,81926 
9581940 
9581954 
9,8 1969 


11 
12 
13 
14 
15 
16 
17 
18 
19 


| 


9,87657 
9587646 
9,8763 5 


9.94197 


10,06058|59 
10,06033 ” 
10, 5982056 
10,0595 155 
10,0,905t$3 
10, 588052 
10.o:K2otco 
10,0392915- 


o, o 580304 


9.94222 
9.94248 


9.8762 
9,8761 
37601 
9787 5 
9.87579 


9.87 5689, 94401. 


9794273 
9.94299 
9.94324 
9,943 —u 
9,94375 


10, 5778048 
10,057 5214 
10,0 572716 
10,0701 4 
10, 5676 


q 


30,0562 5 42 
10,05599]4? 


2009, 8 1106 
2179,81121 
229,8 1136 
2309781151 
249,81166 
2509581180 
269581195 
279,81210 
28 9781225 
29 978124 


9.88191 


95,882 12{9,923943|210,07 106 
9.*8201[9,92920j10,07080 
9,9294 5110-07955 


9,8818 
9788169 


9788143 


9788137 
988126 


9,8871785 


9.93099 
993124 


9,9297110, 7029 
9,92996[10,07004 
9,881 5$19,93022110,06978 
9,93043[10,069 52 
9,9307 3]1006927 


- 
39; 
38 
37 
36 
35 
34 
33 
32 
31 


10,6901 
10, 6876 


3019-31254 
31j9,81269 
329,8 1284 
33.831299 
349.817314 
35581328 


9588105 
9.33094 
9.88083 
9,8 8072 
9 88061 
9588051 


3519, $134 


9, 838040 


9,8135800, 88029 
9,813720,38018 


9793150 
993775 
9593201 
99327 
99593252 
9.93278 
9793303 


993329 
9933 


9,8138709, 38007 


9.23350 


10, 68 50 
10,6825 
10, 6799 
10,0577; 
10, 06748 
10, 06722 
10, 6697 


30 
29 
28 
27 
26 
25 


24 
10,0667 . 
10,6646 2 


10, 0662021 


95814029. 87996 


9,9340610, o6 594 


20 


9581983 
9.81998 
9,82012 
9, 2020 
9.82041 
9,8205 
9.82069 
9, 82084 
9, 8208 
0 82 1 12 


WW 


20 
21 
22 
23 
24 
25 
26 
27 
28 


20 
a 4 


9,87 546 
9787535 
9 87524 
987513 


9,87 55-\9,94426 


9,94452 
9,94477 


10,05574 
5 
38 


9.94503 
9,94528 


587501 
9, 87490 


9.87468 
87457 


9,8747909, 9460 


979455 
9,9457 


4 
994630 
9.94655 


h 


10,05548 

10, 05523 

10, 5497/37 
36 
35 


9, 82126 
98214 
9,82 k 55 
9782109 
9.82184 
9,82198 
9 $2212 
9,32226 
9.82240 
958225 5 


= 
31 
32 
33 
34 
35 
36 
37 
38 
39 


9.97446 
9.8743 
37423 
9,87412 
9.87401 
9,87 390 
9,37378 
9,37 367 
9587356 
9.87345 


9794722 


| 


9,9468 | 
9,947 06 


9794757 


10,0 547? 
10, 5446 

34 
10,0539t 33 
10,0537C[32 
10,05319130 
10,05294[29] 
10,056243[27 
10,05217 


994700 
9,9480 


99483410, 516624 


9.948 5910,05 1413 
9,9488. 10,5 17162 
9,94910[10,050go0[21T 


10,05421 

10, 534513! 
10,0 526825 
10,0 51925 


40 9,82269 


9.87334 


A * te 


10, 0 56 50630 


| 


9,3228319,87 322 


9,814779.8793 59.934300, o6 569 
9.82297 9,8731 Py 


19 
9,8143 19,8797 5,9345710, 6543 


47 


9,9493 510, 506 5 
9,9490700, 503919 
42 9,9498601, 014/18 


9581446 
281461 
9787475 
9,8 1490 
9.51505 
9,81 519 


La 


9,8 1534.9. 8789809, 9 3636 


9,8796409, 93482010, 6518 
9,8795309,9 3508.10, 6492 
9,3794219,93533]!0<6467 
9,3793719-93559j20,c6441 
9,8792009, 93584010, 64 16 
958790909, 93610010, 6390 


| 
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MARINE FORTIFICATION. 


I, Y Marine FoRTITICATION is meant the art of raiſing works 
for the defence of a harbour againſt the attacks of any kind of 
ſlipping. | 


As the works proper for this purpoſe depend in a great meaſure oh 
the principles employed in the fortification of towns, it will be neceſ- 
ſary to give ſome general notions of the uſual methods of fortifying, 


previous to the meaſures that ſeem moſt affectual to the ſecuring of har- 
bours. 


It is not intended in this tract to give à complete ſyſtem of fortiſica- 
tion; and conſequently the reader will not be perplexed with the diſte- 
rent ſyſtems, as they are called, of this and that Eugineer; many of 
them being the productions of dabblers in the art, who, having di- 
verted themſelves with whimſical ſcratchings on paper, publiſhed 
their conceits for a like amuſement to others; and gravely compared 
their pretty drawings with the approved works of experienced Engineers. 
It is high time that moſt of their names and notions were forgot, and 
that thoſe who hereaſter may write on this ſubject, ſhould confine 
themſelves to the deſcription of ſuch works only, as are molt in uſe, 
and which by experience have been found to be maſt conducive to the 
defence of the place, and tht retardation of the approaches of the ene- 
my, And this is what is briefly attempted in the following pages. 


vol, II. *A | PART 


2 MARINE FORTIFICATION, 


3 


„ 
Of Land Fortifications. 


2. FORTIFICATION is the art of making certain works about 2 
place, by which the perſons within may be able to defend themſelves 
againſt the attacks of a much greater number from without, more eftec- 


tually and longer than if the place were not furniſhed with ſuch works. 4 
7 mu 
3. Defenſive works uſually conſiſts of moats and banks, covering the plat 
place which they defend. | oc. 
met 
4. A place is ſaid to be covered, either when the enemy is prevented 
from coming to that place by a body of troops or other hindrance ; or, 9. 
when a ſufficiently ſtrong bank, raiſed before that place, prevents thoſe 
without from ſeeing them within. I 
5. Defenfive works are of various kinds, tlie moſt ſimple are uſually 2 
called lines. yard 
; warc 
SEL CIIION LE in a 
Of Lines or Intrenchments. RE 
6. A LINE, or an INTRENCHMENT, conſiſts of a bank of earth in pa 
and a ditch, and it is of two ſorts. tbe 
Firſt, Such as the trenches carried on in a ſiege, where the bank is tools, 
berween the ditch and the enemy or town ; and here the earth is thrown 
up againſt the town, becauſe the workmen are thereby better covesed in 3d. 
carrying on the works. 5 the ot 
Secondly, Such as ſerve to incloſe a town or camp, ſecure a paſs, co- and e 
ver the entrance into a country, or other place, &c.; in theſe the ditch ſlopec 
is between the bank and the enemy. bank 


The firſt ſort is uſually called trenches or approaches ; and the ſe- the br 
cond is generally called lines; which are the ſort that will be here more top. 
particularly treated on, | trod « 


7. Lines are generally made to ſhut up an avenue or entrance to ſome F More 
place; the ſides of that entrance being covered by rivers, woods, moun- 
tains, moraſſes, or other obſtructions not eaſy to be paſſed by an army; 4th, 
though there have been caſes where lines were conſtructed in plain ſlope, 
countries; but then they were carried quite round the place they were to tended 
defend, as the lines ſurrounding a camp, called lines of circumvallation. ¶ ſtep be 
Lines are likewiſe thrown up to ſtop the progreſs of an army, as thoſe 
made by Marſhal Villars and others. However, in what follows it will four fee 
be ſuppoſed that the line is to covet a paſs that can be attacked only in 


front, 5th. 
looſe ar 
8. The making of lines greatly depends on the nature of the place it with 
and the time that can be taken to conſtruct them; thoſe made at leiſure = 7 
cen 


being very different from thoſe made in haſte. 


Th 


MARINE FORTIFICATION. 3 


The works uſually thrown up in haſte are called temporary, ſerving 
chiefly on a preſent emergency : thoſe made at leiſure are generally in- 
tended to laſt many years, and are kept in repair, under a probability of 
their being frequently attacked. But whether the work be temporary or 
laſting, it is neceſſary that it be adapted to the materials at hand, or that 
can be procured with the leaſt expence and trouble. 


A road or paſs may be advantageouſly held by few men againſt a 
much greater number, many ways; as by turning a water-courſe, 
planting ſtakes, felling trees, digging ditches, making a fence of ſtones, 
Sc. But the way now moſt uſually practiſed is to make a line after the 
method contained in the following precepts, 


9. To throw up a line acroſs a paſs. 


1ſt. Having choſen the place moſt convenient for the line, let a rope, 
or haybands, or twiſted ſtraw or graſs, be run quite actoſs the way along 
the intended place of the line, pegged to the ground at every 4 or 5 
yards; and at the diſtance of about 10 or 12 feet before the line, to- 
wards the enemy, let ſuch another line, or a row of ſtakes, be carried 
in a poſition parallel to the firſt rope. 


2d. Range the labourers or troops within thoſe limits, either ſingle, 


in pairs, or treble, c. according to their number, or the time in which 


the work is to be done, each being furniſhed with proper digging 
tools. | 


3d. Let the earth, as they dig it up in this breadth, be thrown on 
the other ſide of the firſt rope, until a bank of about 5 or 6 feet thick 
and 6 or 7 feet high be raiſed; obſerving that the ſides of the ditch be 
ſloped in the ſame manner that the earth naturally rolls down the 
bank; and continue the digging till the ditch is about 5 or 6 feet deep, 
the breadth of the bottom being about + of the breadth ſtaked out at 
top. And while the ditch is digging, if the earth as it is thrown up be 
trod down, the bank will be more compact; or a few hand-rammers 
(ſuch as the paviours uſe) kept conſtantly going, will render the work 
more firm and durable, 


4th, Let the inner fide of the bank be pared with the ſpade into ſuch a 
ſlope, as a man ſtanding upright may eaſily touch, with his arm ex- 
tended ſtraight before him; and at the foot of this bank, let a fozt-bank or 
ſtep be raiſed, of ſuch a height, that a man ſtanding on it may eafily fire 
his muſket over the bank; that is, let the top of the foot-bank be about 
four feet and a half lower than the top of the bank or brea/t-work. 


sth. If there is time and opportunity, let the workmen throw up the 
looſe and ſcattered earth upon the bank, on both ſides, and ilap or beat 
it with the flats of their ſhovels to make it the more neat and compact. 


MM Alſo make a gentle ſlope to the top of the foot-bank, that the troops may 


aſcend it more eaſily ; and let the crown or top of the brea/?-work be 
*A 2 | Doped 
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J MARINE FORTIFICATION, 


floped ſo that a muſket jail flat on it may ſtrike the ground with its ſhot 


about 5 or 6 feet beyond the ditch. 


When the ſoil is clay, ſand, turf, or mould, the workmen will need 
only ſpades. and ſhovels: when gravelly or ſtony, one man ſhould 
break the ground with a pickaxe or mattock, while another throws it 
upon the bank, where a third ſhould ſpread it level and tread it down. 


10. A work of this kind being completed, the troops behind the line 

may wait the coming of an enemy with leſs concern: For 1ſt, the bank 
ot breaſt- work ſecures them from the enemy's fire: 2d. And when the 
they ſtand on the foot-bank, they are more than ; covered, while the 
enemy are wholly expoſed ; and conſequently the troops within may 
make three of their ſhots tell for one of the enemy's. 3d. ] hey can, 
by going off the foot-bank, be quite covered while they load again. 
And on the whole, they are in no great danger of being forced from the 
Imes while they have courage enough to keep poſſeſſion of them, except 
the enemy are greatly ſuperior in numbers and cannon. 


The magnitude of lines are generally proportioned to the little time 
that can be ſpared to throw them up, and to the ſtrength of the enemy 
who are to attack them. The jollowing ſorts are what have been prac- 
tiſed on ſeveral emergencies, and the rate at which men ordinarily work 
on ſuch occaſions. 


11. N A T ABLE of the dimenſions of Lines. 
Breaſt-work | Ditch Expence 
3 7 1 


Thickneſs | Height Height Upper Lower Depth Solid | Days | 


at top within {without;|breadth;breadih content | works 

| 4+ feet feet | 6 feet 8 feet 2:ſeet| 5 feetil 43 ft. I 
5 72 6 10 34 gz 51 12 
6 7 0 12 4 0 N 2 
7 72 6. 14 44 6 ro 2 
8 75 6 160 53 47 12 7 
9 2 © 18 © 75 15 F< 


The days work here is one yard in length. 

In the firſt, 100 men will complete 100 yards in length of this kind 
of lines in one day; 200 men in half a day; 400 men in a quarter of a 
day, and ſo on. 1 


12. When lines are thrown up at leiſure, then the ditch is uſually 18 
feet broad at top, 7 or 8 feet deep, and the ſides of the ditch are fo ſloped, 


as to leave only 6 feet breadth at bottom; the breaft- work, or parapet, is 


about 7 feet thick on the top or crown, and 5 or 8 feet high. 
In Plate XV. fig. 1. ſhews the heights, depths, and breadths of the 
ſeveral parts of a line well deligned and finiſhed, 
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Where 1L repreſents'the ground line, or ſurface of the place, 
AB, the breadth of the ditch at the top. 
CD, the breadth of the ditch at bottom. 
FAC, is the ſlope or ſcarp of the parapet and ditch. 
DB E, is the counterſcarp. 
FF, the top or crown of the parapet or breaſt- work. 
EG, the inner ſlope of the parapet. 
HG, the top of the foot bank. 
HI, the flope of the foot-bank. 
BEL, a ſmall floping bank called the glacis. 


13. Thais figure is called a ſection or profile, and may be thus drawn, 


1ſt. In the ground: line, lay off, from any ſcale of equal parts, the di- 
ſtances 146 feet, ab=4 ſt. bc==14 ft. cd=7 ft. TASHE; ft. 
n, 6 fe gB= 6 tt. BE=5 Ric. 
2d. Through a, B. c, d, e, f, g, B, draw lines perpendicular to IL. . 
zd. Make 4h = 24 ſt. , ceE=7 ft. dr 0 fi. fc ft. gp. 
4th. Draw 14, HG, GE, EF, FAC, co, DB, which continue till it. 
meets the line L, and the un is conſiructed. | 


14. When lines are made to cover a camp, or a large aſl of land 
where a conſiderable body of troops are poſted, the work is not made in 
one ſtraight, or unifermly bending line; but at certain diſtances, the 
lines project in faliant angles towards the enemy. I heſe projections, or 
ſaliant angles, are called REDEN Ts, or FLANRK ERS; becauſe the fire, 
from them, takes the enemy in flank or ſideways as they march to at- 
tack the lines. 

The diſtance between the ſaliant angles of the fankers is uſually be- 
tween the limits of 200 and 260 yards; the ordinary flight of a muſket- 
ball, point blank, being generally within thoſe limits; although muſkets, 
a very little elevated, will do effeCtual ſervice at the dN of 360 yards. 

Is. A 8anker conſiſts of two lines, called 1 N moceing in a point, 
and forming an angle called the ſaliant angle, or flanked angle. 

The part of the line between two adjacent flankers is called the cur- 

lan. 

The gorge of a flanker is the diſtance between its faces taken at their 
interſettion with the curtins. 


16. In Plate XV. fig. 2. ſhewsthe forms of the uſual lines; where the 
figures, CAB, cab, are redents, or flankers. 


AC, AB, ac, ab, the faces. 


CB, C by the gorges. 
AD, a d, the capitals, 
B b, the curtin. 


The angle Cas, ca b, the ſaliant, or flanked, angle. 
The diſtance of the ſaliant angles i is about 240 yards on a mean. 
- The length of the capital is uſually between 40 and 50 yards, 
I be length of the gorges is alſo about 60 or 70 yards, 


* 17. To 
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17. To make a Plan of lines with redents. Plate XV. Fig. 3. 


1ſt. Let the line EEEE, Ec. be fo drawn, if poſſible, that wherever 
there is a bend or angle, it may either be at once, or twice, or thrice, 
Sc. the length of about 240 yards from one another, whereby a redent 
will always be where there is an angle. | 


2d. In this line lay off diſtances of 240 yards each, as from E to x, 
E to E, &c. reckoning from the bends toward each end, whether it 
happens that the line will, or will not be exactly meaſured by a repeti- 
tion of the 240 yards. cm 


3d. At each point E draw the capital EF in a perpendicular poſition to 
the direction of the line in that point, and make the caprials about 40 
or 50 yards long. FIG | 


4th. On each fide of E take the half gorge, EG, ko, each of about 
30 or 35 yards, and draw the faces FG, FG ; and the out-line, or maſter- 
{ane of the curtins and redents are formed. 


5th. Parallel to each curtin and face draw lines, within, at the diſtances 
from the mg/ter-line, of 7 feet, 8 feet, 12 feet, and 18 feet. ; 
Then the breadth of 7 teet, repreſents the plan of the parapet. 


of 1 foot its inner ſlope. ELIT, 
of 4 feet the top of the Foot- bank. 
of © feet the foot-bank ſlope. 


6th. On the outſide of the maſter-line, draw lines at the diſtances of 
104, 164. and 224 feet, parallel to each curtin and face; and theſe 
will repreſent the plans of the /carp, ditch, and counterſcarp ; obſerving 
that the ſaliant angles of the counterſcarp are rounded before the angles 
of the redents. | 8 | 
When plans are drawn from a large ſcale, all the lines before men- 
tioned are drawn ; but when the plan is drawn from a ſmall ſcale, as of 
20 yards or more to an inch, then the plan is uſually repreſented by four 
parallel lines; one without the maſter line, repreſenting che countcr- 
icarp or out-line of the dite; and two within, repreſenting the breadths 

of the parapet and foot-tank. e 
Sometimes a ſhoit line is haſtily formed by a CHEvAUx DE FRISE; 
which is a beam of 6 or 8 inches ſquare, and 10 or 12 feet long; the 
fides being bored through with holes about an inch and half diameter, 
and 6 inches diſtant from one another ; through each hole goes a ſtaff 
of about 5 or 6 feet long, armed at both ends with an iron ſpike, ſo that 
which way ſoever it is laid along, one row of pikes is repreſented againſt 
the enemy. A line is formed ot theſe pieces by chaining together a ſut- 

ficient number of them end to-end. | 
In countries x here there is plenty of wood, a line may be formed by 
laying, in a poſition pointing to the enemy, the ſtems of trees and their 
larger branches, piled one on another to a ſufficient height, and the in- 
terſtices fill with earth. Such a work, call an ABBAT1s, affords an 
excellent defence; as was experienced at I iconderoga. 
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SECTION NB. 
1. Of Batteries. 


When lines are to be vigorouſly defended againſt a potent enemy, it 
is proper to raiſe batteries ; that is, works from which cannon may play 
on the troops as they advance to the attack: theſe batteries are either 
open or covered. 

19. An OyEN BATTERY is on!y a number of cannon, generally field- 

pieces (that is, ſuch as carry à ball not exceeding 9 pounds weight) 
ranged in a line or row abreaſt of one another, on ſome natural ſmall 
elevation of the ground; or an artificial bank of about a yard or two 
high. Theſe cannon are ranged at about 15 or 16 feet diſtant from one 
another, having their ſhot and loading utenſils lying by their fide ; and 
the powder lodged ina hole at ſome diſtance behind the battery. A leſs 
diſtance than about 15 feet from gun to gun, might occaſion danger, 
conſidering the hot ſervice for which ſuch batteries are erected. 
20. A CovVERED BATTERY is when the cannon and gunners are co- 
yered by a bank made of bruſhwood, faggots, and earth ; of about 18 or 
20 ſeet thick, and 7 or 8 feet high. The cannon uſed in ſuch batteries 
are generally from 9 to 18 pounders; and ſometimes 24 pounders are 
uſed in them. | 

21. The faggots, or, as they are moſt uſually called, the Fascinxs, 
are made of the middling-fized loppings of trees, under an inch dia- 
meter, and are of three different lengths, 6, 9, and 12 feet, according to 
the work they are intended for: they are uſually bound or tied round 
with wyths ; the ſhorteſt in two places, the next in three, and the longeſt 
have four bands. Theſe faſcines are commonly 8 or 9 inches thick 
throughout, the ends being cut fo as not to be tapering. 

The faſcines are fixed to the ground, and to one another by ſtakes 
called PiCKETS, like birch broom- ſticks, but ſtronger ; they are about 
an inch, or inch and half thick, and from 3 to 6 feet long; the 6 feet 
ones are in number about 3; of the 3 feet pickets, but much ſtronger. 


All field batteries con ſiſt of four chief parts, namely, the ditch, the 
parapet, the platform, and the magazine. 


22. Of the Ditch. 


The ditch is uſually dug in the front and ſides, and ſometimes quite 
round; and ſerves not only to furniſh the earth neceſſary for the para- 
pet, but it alto prevents the enemy from entering the battery fo readily 
as he might otherwiſe do. The ditch in front is commonly 18 or 20 
feet broad, and the depth about 7 or 8 feet; the ſides ſlooping towards 
the bottom, which is about 6 feet wide; but the ditches on the ſides are 
about 10 feet wide, and 6 feet deep. I heſe are the dimenſions uſually 
given; but the general practice ſeems to be, only to get earth ſuſſicient 
for the work, and not mind the regularity of the ditch : ſor as theſe 
works in attacks are uſually done by night, the keeping ſtrictly to the 
albgned dimenſions is hardly practicable. | 
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23. Of the Parapet. 


The parapet is generally raiſed about 3 or 4 feet diſtant from the brin;; 
of the ditch, the ſpace left between, called the BEAM or FORELaND, 
ſerving to odge the rubbiſh beat down by the cnemy's ſhot, that it may 
not fall into the diich. | 

I he thickneſs of the parapet ſhould be about 18 or 20 feet, in order 
to be cannon proof, and avout 7 or 8 feet high, when the enemy has no 
command above the battery. But if they have a command over this 
height, the parapet ſhould be raiſed high enough to cover the men while 
they load the guns. x | 435 5 
I he length ot the parapet depends on the number of guns to be em- 
ployed in the battery. | 
24. Thus for one gun, allow 8 yards in length. 

And 6 yards more for every other gun. 

So 2 guas has 14 yards; 3 guns 20 yards; 4 guns 26 yards, &c. 

25. 1 here ſhould be great care taken that the battery be not erfiladed 
or rated by the enemy's cannon : neglects of this kind are often fatal 
to the officers and gunners, as was well knewn at the ſiege of Cartha- 
genu, anno 1741. But this is eaſily prevented by railing at one, or 
both ends of the parapet, a bank acroſs the battery called an aulement, 
of the ſame thickneis aud height with the parapet, and about 15 or 18 
feet long. | h 

26. I he parapet conſiſts of two parts, namely, the call and the mer- 
tons. : | 5 

Ihe WALL is that part of the parapet which is contained in one piece 
fiom end to end, and is about 24 or three feet high. 
The Mzexr ons are detached pieces of the parapet. leaving openings 
called EMERASURESs, through which the cannon deliver their ſhot. | 
I be embraſures ſhould be cut as much as is peſhble perpendicular to 
the parapet ; therefore the battery ſhould be parallel, or nearly ſo, to the 
object to be battered : for the direct ſhots have molt force; and oblique 
embraiures weaken the merlons, or parts of the parapet ſtanding between 
the embraſures. | KD 

27. The embraſures are uſually about 2 or 24 feet wide on the in- 

fide, and about G or 10 feet on the outſide; ſo that the cannon may 

be traverſed from the right to the left, and command a pretty large 
extent in front, The diſtance from the middle of one embraſure to the 
middle of the next ſhould be about 18 feet, in order to leave ſufficient 


room for the working of the guns, and the ſtowage of the ſkot and other 


. 
3 0 
28. | Of the Platform. 


The PLATFGRM is a floor made to facilitate the rolling of the carriage 
wheels, and to prevent them from linking into the ground by the weight 
of the cannon, eſpecially in wet weather. | 
* - Placforms are generally laid ſloping towards the parapet ꝙ or 10 inches; 
this carries off the rain, prevents the gun from recoiling ſo much when 
fired as it would do if laid level; and when loaded, it is more eaſily 
brought to the embraſure. FVV 


— 
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29. In temporary batteries the platforms are made of planks laid 
acroſs ſome ground timbers or ſleepers ; there is uſually a platform made 
to each gun ; it is about 18 feet long, 8 feet broad next the parapet, 
and about 14 feet broad at the tail, the intermediate ſpaces between the 
platforms ſerving. for the ſhot and other neceſſaries. 

30. When a platform is to be laid on marſhy ground; firſt lay a floor 
or two of faſcines; cover theſe with hurdles of 12 or 15 feet long, and 
6 or / broad; on theſe lay a floor of 3 or 4 inches of earth, in which 
the ſleepers are to be laid, and over them the planks. 


31- When a battery is built of ſtone or brick, the platform is gene- 


rally a flat-ftone pavement ranging the whole Jength of the battery. 
This, on account of its reſiſting the injuries of the weather for a long 
time, is to be preferred to planks; but in caſe of a bombardment ſuch 
a platform is to be avoided, becauſe the ſhells will not only break the 


pavement, but alſo, by driving about the broken ſtones, do the troops 
much miſchief. 


32. | 1 | Of the Magazine, 


The magazine to a field battery is uſually made about 50 or 60 yards 

behind the platform. It is a cavity dug in the ground about 4 feet deep, 
and the earth thrown between the pit and the platform; the ſides of the 
pit are ſometimes planked round to keep it dry, and prevent the earth 
{rom crumbling in; and the powder barrels placed there, are covered 
with hurdles and earth, or tanned hides, to preſerve the powder from 
wet and fire. 
The communication to the magazine 1s by a ſloping trench beginning 
to deſcend about 5 or 6 yards behind the platform; and the earth thrown 
on that (ide, where it will molt conveniently cover the perfons, who re- 
move the barrels of powder from the great magazine to the battery, or 
ſmall magazine. 

33. When there are many cannon in battery, and the ſervice is quick, 
it is cuſtomary to have to every two pieces a ſmall magazine to hold 20 
or 30 barrels of powder. This is placed about 15 or 20 yards behind the 
platform, and againſt the merlon between the cannon; and as theſe bar- 
rels are uſed, they are replaced by others from the great magazine. 

At each magazine a centinel is placed to prevent accidents. 

And to prevent perſons coming into the battery and magazines who 
have no buſineſs there, a trench is ſometimes dug behind the magazine, 
and carried into the trenches which communicate between the magazine 
and battery. | + 


34. To conſtruct a Faſcine battery. 
For one gun provide 600 faſcines of g ft. 100 of 6 ft, 120 of 3 ft. And, 
for every other piece 400: 100; 


| 100; 
each faſcine . about ꝙ inches thick; and let there be three or four 
pickets for every faſcine, for many will break in driving. 

Trace the limits of the parapet in two parallel lines . 5 18 feet dis 
ſtant, allowing 8 yards in length for one gun, 'and 6. yards for eve 
other gun; and along theſe lines cut a trench about half ſpade deep. 
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Lay a row of 9 ſeet faſcines along one trench, obſerving that their 
ends be well jammed oze into the other, and leteach be pegged down with 
two pickets, driven into the ground till the head is ſunk into the faſcine. 

Clofe to this row lay another, the two end ones being of 6 feet, and 
the reſt g feet, which will prevent the joinings in this row from falling 
againſt the joinings in the firſt row: let theſe allo be ſtaked down as be- 
fore. Clole to the ſecond row lay a third all of q feet. Cloſe to the 
third lay a fourth, the two end ones being 6 feet, and the reſt 9 feet 
Ia this manner lay the rows of faſcines within the limits ſtaked out, 
which will be covered with 24 rows; then over this floor of faſcines 
throw earth to fall up the hollows, aud let the whole be trod or 
rammed down. 

On the firſt floor lay a ſecond, obſerving, that as in the firſt floor every 
ſecond row ended with 6 feet faſcines, ſo in the ſecond floor every odd 
row ſhould end with fix feet ones, and the joinings of no two faſcines 
in this floor will fall over the joining of the faſcines below them. Let the 
outſide rows in the ſecond floor be lo placed over thoſe in the lower, that 
there be a little ſloping preſerved, the work narrowing upwards. The 
pickets which ſtake down this floor are to be driven up to the head, and 
the channels or hollows in the floor are to be filled up with earth. In this 
manner lay four fleors, which will raife the work to about-24 or 3 feet, 
and that part of the breaſt-work called the wall will be completed. 


35. To flake out the Nerlons. 


Meaſure from each end of the wall 12 feet, there place a flake; and 
plant other ſtakes at every intermediate 18 feet; this being done 
on the infide of the wall, let other ſtakes be planted on the outſide, ei- 


ther directly oppoſite the former, or in the line towards the place where 


the gun is more particularly intended to deliver its ſhot. Plant other 
ſtakes on the inſide, one a foot diſtant on each fide the former, and this 

will leave ſpaces of two feet each for the inner opening of the embra- 
fares: then on the outſide, plant other ſtakes at 5 or h feet diſtance from 
the former ones, one on each ſide, and ſpaces of 10 or 12 feet will be 

marked out for the outſide openings of the embraſures. 

In the direction of the pickets, which limit the inner and outer open- 
ings of the embraſures, let ſingle rows of faſeines be ſtaked down acroſs 
the wall, and theſe will be the fides of the embraſures. Fill the inter- 
mediate ſpaces or merlons with rows of faſcines laid lengthwiſe to the 
wall, and this will be the firſt floor of the merlon, which is to be picketted 
down, and the hollows filled with earth as before directed. Let other 
floors be raiſed in like manner, until the merlons are carried up about 5 
or 6 feet, or more if neceſſary; and on the top of each let a bed or floor 
of earth be laid about 8 or 12 inches thick, 

Acroſs the top of the inner opening of the embraſure, lay a bundle of 
10 or 12 faſcines bound together, or as many ſtuft into a kind of baſket 
open at both ends, and the bundle well ſtaked to the merlons. 

Provide a- lind made of planks 3 or 4 inches thick to fit the inner 
opening of the embraſure, which is to be put up while the gunners are 
loading the piece, to preſerve them from the fire of the mulketry. 4 

| e 
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The cheeks or ſides of the embraſures are to ſlope ſo, as to have the 
top wider than the bottom; which not only leaves a greater opening 
for the blaſt of the gun, but theſe ſlopes in works of this kind, give a greater 
degree of ſtrength to ſupport themſelves againſt the bearing of the upper 
parts. | 


36- | To conſtruct the Platforms. 


Againſt each embraſure lay on the ground five pieces of timber, called 
ſleepers, about 18 feet long, and 6 or 8 inches ſquare ; let the ends next 
the embraſure be placed at ſuch a diſtance from one another, that the di- 
ftance from out to out be about 6 feet, the other ends ſpreading about 
12 or 14 feet from out to out; drive two ſtakes about 3 inches ſquare 
into the ground on both fides of each end of every ſleeper, by which they 
will be kept ſteady in their places, and let the earth be well rammed and 
beat up cloſe to them: but obſerve to let the tails of the ſleepers be raiſed 
about 6 or 8 inches higher than the ends next the wall, to prevent the 
cannon from recoiling too much when fired, | 

Cover the ſleepers with planks about two inches thick laid croſs-wiſe; 
that next the embraſures being about 8 feet long, the reſt gradually in- 
creaſing, ſo that the plank at the tail be about 14 feet long; and let the 
planks be nailed to the ſleepers. 1 5 

On this floor fix a piece of timber about 6 or 8 inches ſquare next 
the embraſure, to ſerve as a ſpur for the carriage wheels to knock againſt 
{which is therefore uſually called the &nocer), when the gun is run up to 
the wall; obſerving that the ſpur be laid parallel to the object to be bat- 
tered. | | 
' The whole platform ſhould be of oak, if it can be had. 

37. If there is any danger of the battery's being raked by the enemy's 
cannon, let an epaulement or ſcreen be raiſed at one or both ends of the 
parapet, joining to it, and conſtructed by floors of faſcines, laid as before 
ſhewn : then all the ſtraggling twigs of the faſcines being cut off, the 
battery is conſtructed, _ | | 

A battery thus made will do in caſe of haſte, and where earth enough 
is not eaſily had: but as it is ſubject to be fired when the wood is dry, 
it is not ſo much in uſe as another ſort called a coffer battery; eſpecially 
where wood is ſcarce and earth plenty. | | . 

A Corr RR BATTERY is that, where the ſides only of the wall and 
meclons are formed of faſcines, and all the cavities or included ſpaces 
filled with earth. His | 


38. To make a Coffer battery. 


The place of the battery being determined, mark out with a line the 
limits of the parapet 18 or 20 feet thick; and 3 or 4 feet before the 
arapet mark out with lines, or ſtakes the limits of the diteh, 10 or 12 
fect broad, or more if earth is wanted; allowing 8 yards in length for 

one gun, and 6 yards more for every other gun. — 981 
On the outlines of the parapet, cut a trench 5 or 6 inches wide 
and deep, and there lay a row of ſaſcines, the ends being jammed one 
into the other; let theſe be ſtaked down, Lay on them another * 
0 
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It 
ſo that the joinings of theſe be not directly over the Joinings of the lower uſua 
one, and the knots of all the bands turned inwards ; ſtake theſe down; that 

and on them lay in like manner a third and fourth row, Cc. until the Q 
height be about 3 feet. 'The ſame kind of work being done at the ends, two. 
and for the epaulement if wanted, the coffer for the wal will be made. pick 

Then let the men be diſpoſed along the place intended for the ditch, 
and with the proper tools break the ground and throw it into the coffer ; to e: 
where, as the earth is thrown in, another ſet of men are to ſpread it, O 
and ſtamp it down with rammers; and this work is to be continued un- 8 or 
til the coffer is filled. 555 'T 
39. When the wall is finiſhed, let the embraſures be ſtaked out as 12 b 
fore (35), and a coffer formed in like manner for each merlon, which Ir 
is alſo to be filled with earth and rammed down. | 
The other articles in the preceding battery are to be followed in this, 42+ 
the only difference being in the making of the parapet. | 7-3 
When a proper place for a temporary battery is, deſtitute both of dry 
earth aud wood, then materials muſt be carried to the place ; theſe uſu- 
ally are gabions and earth-ſacks. 
The EARTH-$ACKsS are only bags to carry earth in. 3 
A Gas1oN is a large baſket without a bottom: they are of various 
ſizes, as from 3 feet high and 24 or 3 teet diameter, to b or 8 feet high : 
and 6 or 7 feet diameter. 8 
40% + . To make a Gabion battery, | BY - | 
Along the line marked out for the battery, let the gabions be planted e | 
in the places where the merlons are to be; the gabions uſed are of 5, 2 | 
6, and 7 feet diameter, and 8 ſeet high. Each merlon muſt have 7; that 2 
is, 3 within of ſux feet diameter, next two of 7 fect diameter, and on the th 
outlide two of 5 feet diameter; obſerving to leave proper openings for I. 
the embraſures, about 2 feet on the inſide, and 9 or 10 on the outſide. l 
. Oc thus: Let the merlons be made of gabions 5 feet diameter; then © |. 
put four. within, three in the middle, and two on the outfide ; this con- E| 
ſtruction being rather ſtronger than the former. 24: 
The ends and epaulements are alſo formed by three rows of gabions. . 
The floors or bottoms of the embraſures are to be filled with gabions 21 
about three feet high, and of a proper diameter to fill up the ſpaces be- 3/2 
tween the merlons. £1 py 
Ihe gahions being placed are to be filled with earth brought from 6/3 
the nearelt places in the earth-ſacks ; or elfe they may be filled with 3 
dung mingled with ſand; and in caſes of neceſſity, they may be filled 714 
with large faggots, or billet wood, obſerving that the voids between the DE 
gabions are filled alſo. „ 905 
Batteries of this conſtruction are uſually made on marſhy or rocky —_ 
grund. e M31, £25 65 x4 . | 11/6 
- 41. The Sieur Remy, in bis Memoirs of Artillery, has given a table 7 2 
for. the ready finding of all the requiſites for the conſtruction of temporary 13/8 
batteries, and for their daily ſervice, the pieces being 24 pounders ; and 15 
although theſe batteries are calculated only for ſieges, and are of the 14 
coffet- kind, yet from this table may be derived ſuch notions, as will |<; 


greatly; help young artiſts on other occaſions, 
"of | ? | 


It 


anti 
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It is alſo proper to mention the number of faſcines and pickets, that is 
uſually expected every day from the labour of each man employed in 
that ſervice. 

Of faſcines 5 or 6 feet long, and 5 or 6 inches thick, bound with 
two wyth bands each, one man will make 16 or 18 in a day, with two 
pickets to each. 

Of faſcines 8 or < feet long by 8 or 9 inches thick, and two pickets 
to each, one man uſually makes 10 or 12 in a day. 

Of faſcines 12 feet long by 9 inches thick, with three pickets to each, 
8 or 10 are uſually expected from the day's work of one man. 

The days here underſtood are fuch in which the men may work about 


12 havrs. : - ; 
In the following table C ſtands for hundred. 
42. A Tan for conſtructing of Batteries. 
2 | | | 
8 £ 
8 5 : 
8 | } 
8 


12 — 


| Faſcine-makers, each a bill and hatcher. 


he battery. 


wa 


ſerve 
Soldiers to aflilt the gunners. 


int 
Shot of 24 pounds for 100 rounds, 


ſhovels, ſpades, pickaxes, mattocks, &':. 
ſcines of 5 or 6 feet by 5 or 6 inches, made by 


umber of workmen's tools uſed at the batier 
Pickets from 3 to 6 feet long, and about 14 inch 


Faicines of 12 feet by 8 or g inches. 
| Planks for the platforms, 2 or 2 inches thick, 
Powder for 100 rounds, at 12 lb. each per day. 


Number of workmen to conſtruct 


Mallets to drive the pickets. 
| > | Handbills, 2 for each embraſure, beſide ſpare hatchets. 


| Lengthy of the parapet in yards. 


| | Number of 24 pounders in battery. 
So | Faſcines of 8 or 9 feet by 8 or g inches. 


D 

= 8 
5 . 2 | | 

| 2 22 E 

| £08 > 5 
| 2 — O A 
2 140 50 70 [|i5 ao | 2 C 5 2010 22 | 4] 12 24 C *© 
3 200 60 85 20 60 3 C 740114 48 6] 18 36 C 3 C| 
4126] 70 [:00 [25|210 | tv | 4 C| 990118] 8 64 | 8 24 | 48 C| 4 C 
6132] 89 ſ115 30/55 (lO 5 Cit iBc}22jzof Bo fro 30 60 e 
7 38 co 130 606300 [120 6 Cj1:00/26 12 96 12 36 |. 52 C| 6 Of 
7441100 [145 [401345 1149 7 Cii620jz3o[1g}t12 4 42 | 84 C| 5 C 
8 50010 [169 [451390 60 | 8 C1340 34}161128 [16] 48 96 C 8 C 
9\56|: 20 175 f[co[435 [180 0 C|z060138118Þ1 44 18 54 | 108 C| g'C} 


0062130 [190 550180 200 [10 C.z280042 200750 20 bo | 120 Clo © 
1(681140 og [69]525 [220 [11 CSO j22| 66 | 132 Ci C 
1274/50 [220 [o5[579 
1380169 (225 o; 
144800170 [250 [75/660 
$1 j- 80 [265 [80705 
4 589 280 850% 60 


280 14 (3160058 28224 2884 108 14 C 
300 [1c C33 8006 HzO [30} go | 180 Ci C 
320 [16 C|jz600[06[32j255 [32! 96 | 192; C|i6, C 
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43. When batteries are ereCted at leiſure, and are wanted to ſtand | 


for ſome years, it is beſt to make them of ſtone or brick, or good loamy 


earth, according as the materials are neareſt at hand, or can be moſt. 


eaſily procured. | 

When made of itone, the thickneſs of the parapet is uſually about 
4 or 5 feet; but this thickneſs is varied according to the quality of the 
| * or to the ſize of the cannon that may be brought by an enemy to 

re on it. | 
Parapets of brick are of 5, 6, 8, or even 10 feet thickneſs, accord- 
ing to the goodnels of the materials, or the ſervice it is to endure; and 
the angles are generally of ſtone. | 

A parapet made of good earth, and 18 or 20 feet thick, with the 
ſurface covered with green turf, will reſiſt the injuries of the weather 
for ſeveral years, and ſtand the ſhock of an enemies cannon the belt of 
any. 


44. As theſe perpetual batteries are generally raiſed ſomewhat above 
the level of the adjacent land or water which they are to command ; ſo 
It is uſual to make the floors of the embraſures ſloping, the drip being on 
the outſide, about a foot or fout and half below the fill of the inner 
opening, that the cannon may be pointed downwards, 

When the embraſures are cut through an earthen parapet, they are 
commonly lined with brick ; or at leaſt the angles are made of maſonry, 
theſe parts being the moſt ſubject to be injured by the weather. 

The beft embraſures are thoſe made with a neck, by which a part of 
the opening becomes more contracted, and conſequently is better adapted 
to preſerve the gunners aud cannon from the enemy's ſhot, than when 
the cheeks of the embraſures are made ſtraight. | 


45. Although the axis or middle line of an embraſure ſhould, if poſſible, 
be at right angles to the length of the parapet, yet it may ſometimes be 
neceſſary to have them oblique. When this happens, the inſide of the 
parapet is notched, or ſo cut away, to leave proper room for the front 
of the platform, that the wheels of the carriage may be drawn up againſt 
the inner opening for the axis of the gun · to lie in the axis of the embra- 
ſure ; but then the outſide of the parapet is to be ſtrengthened, to com- 
penſate for what is cut away within. 


The foregoing particulars, relating to embraſures, will be ſufficicotly 
illuſtrated by the following precepts for their conſtruction. 


46 Fo confirut the Plans of embraſures. 


FixsrT. For the Plain embraſure. Plate XV. Fig. 4. 


1ſt; Draw the axis AB perpendicular to the parapet. 

ad. For the front opening, make ac=ap, each from 4 to 5 feet. 
zd. For the inner opening, make BF=BE, each from 1 to 14 feet, 
4th. Draw FD, Ec, for the cheeks of the embtaſure required. 


47. SE- 
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47. SECONDLY. For the necked embraſures. Plate XV. Fig. 5. 


iſt. Having drawn the cheeks for a plain embraſure as before; from 
B, the middle of the inner opening, draw BC, BD. | 
2d. In the axis AB, take BG=2+5 or 3 feet; through G draw IH at 
right angles to BA, cutting BC, BD, in E, 1, and join EH, FL. 
Then Dir, CHE, are the angular cheeks, 1H being the neck or nar- 
. towing of the embraſure. 


48. TrirDLyY. For an oblique embraſure. Plate XV. Fig. 6. 


1ſt. Draw the axis ab in the direction where the gun is to command, 
and through any convenient point 1, taken in ab, draw Nv at right 
angles to ab, | | 

2d. Make 1n=4 or 5 feet for the front opening, Ig I or 18 fect 
for the inner opening, and 1Q=4 feet for the front of the platform. 

3d. Through x, P, Q, and parallel to ab, draw nc, ND, cutting 
the front of the parapet in c, D; and Pp, C, cutting the infide of 
the parapet in 9, 9, | 

4th, Through 4 draw gr parallel to nx, cutting the former lines in v, 
D, E, r; join ED, FC, aud draw 7s parallel to a line through B and e. 

Then the ſpace qr 5 being cut away, the wheels of the carriage can 
knock againſt the line 97, and the axis of the gun will lie in the line 
Ba intended for the axis of the embraſure. . 

It is evident that the parapet is conſiderably weakened by the cuts for 


theſe oblique embraſures, and therefore ſhould be ſtrengthened on the 
outſide. © | | . 


49. When the embraſures are to be expreſſed in the parapets of a plan drawn 
From @ ſmall ſcale, it is done thus. Plate XV. Fig. 8. 

On the inſide of the parapet Rs, lay off as many times 6 yards, in the 
points c, c, c, &c. as the length of the parapet will admit, unleſs you are 
reſtrained by particular circumſtances ; and from the points c, c, c, &c. 
draw lines to the front of the parapet, dividing it into parts of 3 yards 
each; then taking the parts oppoſite to the points c for the fronts of the 

embraſures, the other parts will repreſent the fronts of the merlons. 

Shade all the merlons. leaving white angular ſpaces to expreſs the 


embraſures, and ſtrengthen the inner line of the parapet and the front 
lines of the merlons. . 


50. Of the Profiles of batteries. Plate XV. Fig. 7. | 

Let the ground line of the battery be AB. BD that of the parapet, the 
inner ſlope of which ph, is formed by making D = 1 feet, and the 
perpendicular a hg or 7 feet; the crown of the parapet Hr. is formed 
by making 65 1 a foot or two lower than aH; and the front of the bat- 
tery 1B is found by making bB = bt, when of earth, or =43of br. 
when of maſonry. Making oc =24 or 3 feet, gives c the fill of the em- 
braſure, the floor of which co is to dip a foot or two below the level line Cx. 

The platform DE is 18 or 20 feet, the tail E raiſing abour-6 inches 
above the level line AB, the lower double line repreſents the fleeper laid 
lengthwiſe, and the upper double line ſhaded with the lines actoſs, ex- 
preſs the ends of the planks laid on the ſleepers, 8 

A gun on its carriage, with the wheels againſt the knocker at D, is 
annexed to the figure, to aſſiſt the learner's apprehenſion. 


SE C- 


16 MARINE FORTIFICATION,. 


SECTION III. 
Of additional works. 


51. Of Ramps. 


When a battery is raiſed above the level of the ground it is built on, 
there muſt be made gentle ſlopes for the cannon. to be drawn up and 
down, and alſo for the eaſier communication of the troops poſted there; 
theſe ſlopes, to diſtinguiſh them from the ſlope uſually given to elevated 
works for their better ſecurity of ſtanding, are called Ramps, 

The baſe of the ſlopes commonly given to earth-banks for their ſup- 
port, is on the inſide about a foot baſe for a foot of height, and on the 
outſide is about 8 inches on a foot, or 5 of the height; that is, they riſe 
12 inches, on 8 inches of baſe. But for the ſlopes of ramps, the riſe is 
only about 2 inches on 12, or the length of the ramp's baſe is ſix times 
the height, and this is general, for the draught of carriages; but foot- 
ways need not be of ſo gentle a ſlope, a riſe of one foot in three may do 
well enough; or, inſtead of ramps, ſtairs may be, and commonly are, 
uſed for the paſſage of the foot. | 

The breadth of a carriage-ramp is uſually about ꝙ or 10 feet, that 
' breadth being ſufficient for the carriage and foot-way beſide; but thoſe 
for foot-paſſage only need not be above 3 or 4 feet wide. 3 

Ramps may either riſe oa the ſide of an elevated work, or againſt a 


ſaliant angle of that work, or on each fide of an entering angle: their re- 


preſentations in plans may be expreſſed as in the following conſtructions. 


52. To confirut a Ramp on the ſide of a bank Plate NV. Fig. 9. 


Let xx 22, be lines expreſſing in a plan the ſlope of a bank equal to 
its height, which ſuppoſe to be 12 feet. 


iſt. Through A, the point where the ramp is to end, draw cs per- 

ndicular to xx, and make AC of about 10 feet. 

2d. In 22 take 3D A times 4B, or 16 yards; through p draw Ak, 
and through c draw CF parallel to ar, cutting xx in G, and 22 in p. 

zd. Through r draw, at right angles to GF, the line FE, cutting xx 
in f, and AE in E; join BE, and the lines Op, EA, EB expreſs the ramp. 


It is ſometimes proper to have ramps riſe on either hand for the con- 
venience of carriages coming from the right or left z but they muſt then 
be ſo far aſunder, that ſhould a carriage be drawing up each at the ſame 
time, the horſes of one may paſs clear of thoſe of the other. 


To confirud a Ramp in a ſaliant angle ef, bank, Plate XV. Fig. 10. 
53. FIRST METHOD. This is done in the ſame manner as in the fide 
of a bank; obſerving that the end A is taken 6 or 7 yards from the 
ſaliant angle, when a ramp is to be conſtructed on both ſides; otherwiſe 
the ramp may end at the faliant angle x, 27 an muy 5 
. 91497 BY il! S SOT. 0 54. OB» 
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4. SECOND METHOD. Fig. 11. 1ſt. From x draw a line xd bi- 
ſecting the ſaliant angle; make xN=6 times the height, or equal to 12 
yards, and on both ſides draw a parallel line q at the diſtance from xN 
of half the breadth of the way; ſuppoſe at 5 feet diſtance from xx. 

2d. BiſeC the angle x R with the line QM, cutting the line zZ in v; 
join YR, and the plan is formed, | 


55. TyiRD METHOD. Fig. 12. From x the faliant angle, with a 
radius of 6 times the height, ſuppoſe of 12 yards, deſcribe the arc 1L 3 
and with 5 times the height, or 10 yards, deſcribe the arc KK, cutting 
21 in o, and draw or parallel to KL, 

Make xm g 2 or 3 yards, and draw the curved lines Mo; MP, which 
in plans are beſt done by hand; or elfe draw right lines from M to o, 
and from M to P, and the plan of the ramp is made. 


| 56. Of Barbets. 


It often happens, that by raiſing the floot᷑ of part of a battery the guns 
placed on it have an advantageous command over ſome part of the 
neighbourhood; and when the guns thus raiſed fire over the crown of 
the parapet without any embraſures, it is called an OPEN BATTERY, or 
Battery en barbe, or plainly a BAR BEN. | . | 

Theſe barbets may be made either in a cortin, or at the ſaliant angle 
of a flanker. They ſhould always be 24 or three feet lower than the 
crown of the parapet, and about 8 or g yards broad at the top, with a 
proper flope to the baſe, of a length ſuitable to the number of guns to be 
mounted on them, allowing about 5 or 6 yards for each, and have 4 
proper ramp at each end to aſcend them by. , 7399) | 
57. To give a farther illuſtration of this article, here is added an ex- 
planation of the plan, and of the profile through the line Bc. Plate XV. 
Fig. 13, 14, 15. | | 

Let Pon vx be a common bank of a line, the parapet of which is RSV; 
the inner ſlope Rs being about 6 or 7 feet higher than QR: then the bank 
mnoR, raiſed ſo high that the cannon can fire over the crown of the 
parapet ST, is the barbet, the height of which p is about 3 or 4 feet. 

On the top of the barbet a platform is raiſed as in other: batteries. 
Let the fig. 14, 15) repreſent part of the plan of a line, and one of its 
flankers or of a battery conſtructed in ſuch a form; where Aa is the length 
of the barbet or raiſed battery, ſuited-to the number of guns to be uſed, 
which are to be drawn up the ramps put at the ends; the breadths being 
about 8 or ꝗ feet, and the length ab about 9 or 8 yards. 


A 


58. N Of Caviliers. 


A cavaliet is a battery raiſed above the other works, and covered by a 
parapet with embraſures. 1 | 
Cavaliers are of various ſhapes, ſuch as ſquare (Plate XV.) fig. 17, or 
urid, fig. 16, or like a horſe-ſhoe, or a plane line; but when they 
are conſtructed in flankers, as is uſually the caſe, fig. 18, they areofa 
Tore It | 3 like 


| 
| 
| 
| 


3 
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like figure to that flanker ; leaving a ſpace of about 8 or 10 yards, 0. 
more, between the parapet of the flanker and the outline of the caval: 


They ſhould be faced with earth, or plank of brick, but not with 


ſtone; becauſe the ſplinters knocked of by the enemy's canuon wor! d 
greatly annoy the troops, that may be poſted in the line below the 
cavalier. 

Any other particulars will be ſufficiently known from the figures; 
obſervingy in the plans, to repreſent their outſide limits by a double line, 
to exprels the floping of the earth, and to puta ramp in the gorge. 


59. | Of Traverſes. 


A traverſe is a bank of earth thrown perpendicularly acroſs a line, or 
other work, to prevent the enemy's cannon, from taking that line. 
Theſe traverſes may be from 12 to 18 feet thick, in order to be can- 
non proof, and their height about 6 or 7 feet; or more, if the line is ex- 
poſed to auy eminence from which the enemy has a command. 
And to preſerve a communication a paſſage of about 5 or 6 teet wide 
muſt be leit at one end of the traverſe. 


60. The different ways of conſtructing theſe works are readily ſeen 
by the ſigures in Plate XV. fig. 19, 20, 21, 22. | 
Thus at A, fig. 19, it is formed by two equal ſhort banks, the ends of 
which jut one beyond the other about 3 or 4 feet, leaving a paſſage of 
about 6 feet. | | 
At n, c, and fig: 20, 21, the end of the traverſe juts about 2 or 2 feet 
into the parapet, beſide the paſſage, But as this greatly weakens the 
parapet, it is to be practiſed only in ſuch places where there is ſufficient 


= 


| thickneſs left ; where nothing can be ſpared from the parapet, the tra- 


verſe may be made as at E and r, fig. 22. 

If any part of a work, thus ſhut in by one or more traverſes, is likely 
to be defended by the muſketry, then it is proper to add to the traverſe 
one or more foot-banks within the defence, for the troops to mount on, 
when they want to fire over the traverſe, leaving the upper foot-bank 45 
feet below the crown of the traverſe. | | 


61. / Pali ſades. 


Palifades are ftraight wooden ſtakes about g or 10 feet long and about 
the thickneſs of a middle-ſized leg, but of a triangular or rectangular 
ſhape, according as they are of cleft quartering, or ſawed ſtuff; and have 
one of their ends pointed. Their uſe is to form a line before thoſe 
places, that are molt likely to be taken by ſurprize. 

The beſt are thoſe made of oak, but where this is wanted, or on 
emergent occalions, the beſt are thoſe which can moſt conveniently be 
rocured. | 
: In planting paliſades it is uſual to ſink about three feet of them into 
the ground, the thick end downwards, and the pointed end upwards, 
and to ſet them about four inches from one another; the whole is braced 
together by pieces nailed acroſs them near the tops, and ſecured by thick 
poſts at the diſtance of every four or five yards. 
4 , Paliſades 


. 


called 
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Paliſades are found to be a very, good defence againſt an enemy not 

greatly ſuperior, and deſtitute of cannon; ſor the defendants may freel 

uſe their ſmall arms at the time they are half covered by the paliſades; 


whereas the aſſailants being quite expoſed, attack with the diſadvantage 
of at leaſt two to one. | | 


62. | Of Barners. . 


A barrier is a kind of ſence or gate ſerving to ſhut up the roads or 
paſſages in works of any kind, to prevent their being carried by ſurprize: 
they ate of various kinds; as 

iſt. A ſtrong chain drawn acroſs the paſſage, at about 34 or 4 feet 
above the ground, and faſtened at each end to an upright poſt, 

2d. A beam laid horizontally acroſs two upright poſts, 

3d. A BAaR-GATE hanging by hinges to an upright poſt. 


4th. A CHEVAUX, DE FRISK, which is an horizontal beam uſually 


cut with 6 ſides, each of which is armed with iron ſpikes ſet within five 
or fix inches one of the other. This beam is ſupported at each end by 
an upright poſt, 

Sth. A TURNSTILE which conſiſts of two or three pieces of timber 
framed croſswiſe, making four or {ix rays like the ſpokes of a wheel; this 
frame is put on a poſt in the middle of a paſſage to turn horizontally, ſo 
that two of its rays. always ſtretch acroſs the paſſage, and prevent more 
than one perſon at a time from paſſing the ſame way. 

6th. AHEARISON, which is a chevaux de friſe, turning horizontally 
on a poſt in the middle of a paſſage like a turnitile. 

7th. KLinKETS are ſtrong doors or gates made like paliſades, and are 
hung and faſtened as other gates are. 


bv ' Of Reduits. 


 AREpovsr is uſually a temporary work thrown up to ſtrengihen the 
lines which ſhut up, or ſecure a paſs. T hey are uſually figures of three, 
four, five, or ſix ſides, encompaſſed with a ditch and a bank of earth. 

The bank encompaſſing ſuch works generally conſiſt of two parts, 
called rampart and parapet. 


64. The RamPaRT is a large bank ſurrounding a work or place, of 
a height ſufficient to cover the habitable parts of the houſes (if any) from 
direct fire of the enemy; or to raiſe the defendants fo, as to command 
the neighbourhood ; and of a thickneſs ſufficient to reſiſt the efforts of an 
enemy's cannon for ſome time. | | 


bs. The Par Ar ET, or bieaſt-work, is a bank raiſed on the rampart 
cloſe to its outer edge, to cover and defend the troops poſted behind it, 
on the rampart. ; | 


66. On thoſe ſides of the work likely to be attacked, the parapet is cut 


into embraſures and merlons, of the ſame ſize and ſhape as has been 


thewn at arts. 35, 46. | 
; 0B 2 | Againſt 
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Againſt every melon a feot-bank 4 raiſed on the inſide for the muſke- 


try to ſtand an, when they are to fire over the crown of the parapet. 
| To every embraſure a platform is to be fitted, either ot planks, as 
fhewn in art. 36, or of ſtone, as deſcribed in art. 43. | | 
When thele redoubts are intended to defend lines or intrenchments, 
their faces or fronts ſhould be ſo placed, that the ſhot diſcharged from 
them may fly directly to the front of thoſe lines; for hereby the enemy 
may be ſo galled in flank, as to find it neceſſary to attack the redoubts, 
and ſo either weaken his attack on the lines, or cauſe him to loſe time. 
But when redoubts are built more particularly to defend the ſpot on 
which they ſtand, their faces mutt front the places from which they may 
be battered, and alſo command the ways by which they may be ap- 
proached. 


67. The inner ſides of ſquare redoubts are uſually between the limits 
of 12 yards and 32 yards; and when they are to be defended by muſke- 
try, the number of men neceſſary to the defence may be thus determined. 


RuLE. Half the fide ſquared gives the number of troops. 


Exam. Ina ſquare redoubt, one fide of which within is 24 yards, re- 
quired the number of troops neceſſary for its defence: 
Half of 24 is 12: then the ſquare of 12 is 144 for the number of men. 


AND, Twice the ſquare root of a given number of men ſhews the 
length in yards of the fide of a ſquare redoubt proper to contain them. 

Thus to contain 100 men, the- ſquare root of which number is 10, 
the ſide of the ſquare redoubt muſt be 20 yards. 


68. To confiruft @ ſquare redoubt. Plate XV. Fig. 23. 


1ſt. Mark out a ſquare, the fide of which is adapted to the number of 
troops allotted ſor the defence; as 4 B for the inſide of the rampart. 

2d. About this ſquare, at the diſtance of 10 or 12 feet, deſcribe an- 
other ſquare, the fide of which cp is the inner boundary of the parapet. 

za. Make a parapet about ꝙ or 10 feet thick, the outline of which is 
the line EV; leave a berm about 3 or 4 feet broad, the fide of which is 
GH, and dig a ditch about 16 feet wide, and about 6 or 7 feet deep, 
which let be rounded before the angles of the redoubt. 

4th, Make the rampart from 4 feet to q or 10 feet high, according to 
circumſtances; let the parapet be 6 or 7 feet higher, and let the foot- 
bank be 44 feet lower than the crown of the parapet. 

th. On the fide moſt ſecure from the enemy make a bridge acroſs the 
ditch, and a paſſage through the rampart. The breadth of this way 
ſhould be about 4 or 5 feet, if the defence is to be by muſketry only; but 
g or 10 feet if cannon are to be uſed; and in either caſe the paſlage 18 
to be ſhut up by a ſtrong gate. | | 

But if the redoubt is to be defended by cannon, both the rampart and 
parapet ſhould be at leaſt 5 or 6 feet thicker. — 08 

— 9. 


: 
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69. As it is cuſtomary for troops to preſent their breaſts to the para- 
pet, and then fire direct before them, there will be a very conſiderable. 
ſpace before each angle of the work, that will be in a great meaſure with- 
out any defence. To remedy this defect in theſe works, it has been 
propoſed to round the infide of the angles of the parapet, and poſt three 
or four men there to defend the angle; for more cannot well be applied. 
But this appearing alſo defective, Mr. Clairac has ſhewn an ingenious 
method to make the fire pretty nearly equal in all parts; which is done 
by cutting the inſide of the parapet into notches, whoſe two ſides, of a 
yard each, are at right angles to one another, and make half right angles 
with the ſides of the work; the manner of which and its defence, will 
be plain from fig. 23. where the lines with dots at the ends repreſent the 
fire three different ways from the ſame ſide. 


There are in many Treatiſes of Fortification directions to make a 
kind of temporary works called SCONCEs, or FiELD-FoRTs; ſome of 
which being pretty well contrived for defence, will be here explained; 
but one ſpecies of ſconces, called STAR-FoRTs, are ſuch wretched bau- 
bles, that nothing more will be mentioned of them here, than that their 
plans are pretty things to ſtick on children's kites, 


70. To confiruft a Flanked redoubt. Plate XV. Figs. 24, 25, 26. 


Having deſcribed the inner figure, where AB is an inner ſide of the 
redoubt, ſuppoſe of about 18 yards; | 

Parallel to this figure, at the diſtance of about four or five yards from 
it (or more if neceſſary), deſcribe an outward figure, the ſides of which 
are ED, EF, &c. 

Divide each ſide, as ED, EF, &c. into three equal parts, one of which 
is EI, EL, &c.; and in theſe fides prolonged take DG, ERH, Sc. each 
equal to one of thoſe three parts. | 

From the points 6, H, &c. thus found, draw the lines of defence to 
the angles a outward figure, as HD, Sc. 23 } 

From the points 1, I., Cc. draw the flanks, IK, LM, Sc. perpendicular 
to the ſides ED, EF, Cc. meeting the lines of defence in k, , &c. 


Or, The flanks may be thus drawn. 


In the line pi continued towards E, take 1Þ equal to twice 1x4. And 
from p, as a center with the radius PI, cut the line of defence in k, and 
draw the flank IK, | 

Then to each face (Hx), flank (KI), and curtin (10), make a parapet 
of about 7 feet thick (or more if neceſſary), which is expreſſed in the 
plan by lines drawn at that diſtance on the inſide of the ſeveral parts. 

Leave a proper berm of about 4 or 5 feet broad, and make a ditch of 
bout 5 or 6 yards wide, the outer line of which, or countei ſcarp, is to 
be parallel to che faces and curcins only. | > 

8 3 . A re- 
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A redoubt thus conſtructed is more capable of defence chan one with- 
out flanks: for the curtin 1G is well defended by the flank 1K; and the 
face HK has ſome defence from the part DG. 

71. Of Redans. | 


A REDan is a fortified line broken into ſeveral curtins and flanks; 
the defences of the flanks, being all directed one way. 


This is a very good work for the defence of any paſſage » ſuch as a 
hollow way, a road, a river, or a harbour's entrance. | 


If the defence is intended chiefly for cannon, the diſtance of the flanks 


from one another ſhould not exceed 300 yards, that being about the 


point blank flight of a muſket ſhot. But if the defence is _— intend- 
ed for muſketry, the diſtance of the flanks may be about 50 yards or leſs. 
In general the diſtance of the flanks ſhould be regulated according to the 
number of them intended to be placed within the length of the line. 
The length of each flank ſhould be about 15 or 18 feet, in order to ad- 
mit one gun; but if more cannon than one are to be put in a flank, the 
flanks muſt be made proportionally longer. | 


And if the flanks are made about two or three feet lower than the 
curtins, there will be no danger of the troops, poſted in the ſaliant an- 
gle of one flank, being hit by thoſe in the entering angle of the flank 
next behind, 


72. To conſtruct , Redan. 


In the front line take the aus ſpaces AB, 4B, Cc. of the length pro- 
poſed for the diſtance of the flanks, as ſuppoſe 50 yards; draw the per- 
pendiculars AC, BD, of 18 feet each, and draw the faces Bc, AD. 


From the ſaliant angles A, B, draw the flanks AE, BF, at right angles 
to the faces, and the maſier line AEBFAE will be conſtructed. 


Make a rampart, parapet, and foot-bank ; ramps in the curtins an em- 


braſure in each flank, and as many in each face as convenient. 


The thickneſs of the parapet, if of earth, may be from ꝙ to 12 feet ; | 


but if of maſonry, about 4 or 5 feet will do. 


SECTION 
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SECTION iv. 


Of the Fortiſying of, Towns. 


Towns are fortified by ſurrounding them with a rampart, moat and 
outworks, | 

72. The RAMPART of a town is a large hank of earth ſurrounding 
the place, of a height ſufficient to cover the habitable parts of the houſes 
from the direct fire of an enemy; and of a thickneſs ſufficient to reſiſt 
the efforts of his cannon for many days. 

The rampart at certain diſtances, within the reach of muſket ſhot, 
ſhould have works projecting outwards, either contiguous to the rampart, 
or detached from it; and theſe projeCtions are to be ſo contrived, as to 
flank or defend one another. 

Projecting works contiguous to the ramparts are called ba//:ons, and 
thoſe detached from it are called outwarks. | 


74. A BasT1ON is a projecting work conſiſting of four lines; 
namely, of two Facts forming a ſaliant angle; and of two FLanKks, 
which join one to the end of each face, and have their other ends joined 
to the rampart. ; 


75- The CURTIN is that part of the rampart which lies between two 
baſtions. | 


76. The ParAPET is a breaſt-work ranging quite round the faces, 
flanks, and curtins ; of a height, and ſtrength proper to cover the troops 
poſted on the rampart. | 


77. The Mor is a large ditch dug on the outſide of the rampart and 
ſome outworks, quite round the place; the earth that comes out of it 
ſerves to make the ramparts, parapets, and other elevated works. | 

The ScARP is that border or wall of the moat next the place, and the 
CoUuNnTERSCARP is the oppoſite border or wall. 


78. The CovERED-wav is a ſort of paſſage or ſtreet running quite 
round the moat next the counterſcarp ; and is covered on the fide next 
the country by a bank or parapet. | 


79. The GLacis is a gentle {lope of earth deſcending from the para- 
pet of the covered-way towards the country. 

The head of the glacis is the higheſt part of it, or the top of the para- 
pet next the covered-way. This part is ſometimes called the counter- 
ſcarp; but the ſoldiery uſually call the covered-way and glacis together 
the counterſcarp. (60 | 


80, The OuTwoRKs, or thoſe detached from the rampart, are of va- 
rious forms and uſes; ſome to cover the principal parts of the rampart, 
and to retard the enemy's approaches towards the town, and others to 
ſecure thoſe places, which, if neglected, might be of advantage to the 


beſiegers. 
* B 4 81. The 
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81. The names of the principal Party of the Plan of a Fortreſs. Plate XVI. 
The figure HFBMN repreſents the plan of a baſtion. 


ag 
ad the breadth of the Ea 
m mm the moat, ditch or 
4244 4 the covered - way. 
55 the glacis. ; 
82. Of the principal Lines, | 
1 line 48 reprefents the exterior ſide of the polygon, and 1 A its radii. 
IK the interior fide and LI its radius. 
1A the capital cD the normal. 
GH the curtin AH the line of defence, 


61 


And BF 


. 
the thickneſs of the rampart. 


the demi-gorge, the breadth N x the gorge. 
_ face 


The line HF repreſents the ace þ ie balloon. 


65 


07 the principal Angles. 


The angle A ALB 1 the angle of the center. 


AAB 


LEGH 


SEA 


C FBM 


LAH 


' {ADB 
{.EHG 
mos 


the angle of the polygon, or 2 of the gorge. 
the 2 of S or Z of the Bark. 
the angle of the ſhoulder. 

the angle of the baſtion, or flanked angle. 
the diminiſhed angle. 

f the exterior flanking angle ; or 

the angle of the tenail. 
the intecior flanking angle. 
the angle of the counterſcarp. 


84 The names of the Wehe parts F the Profile 1. 6 a Pore 
© - Suppoſed to be taken through the line PR, Fi 


The line Aa repreſents the thickneſs of the rampart at its baſe. 


AR 
BR 
=_ 
c 
EF 
FG 
GH 
HI 
IK 
KL 
LM 
MN 
OP 


PQ as - # 


the inner ſlope - 
the inner height g of the rampart. 
the walk | 


_ the ſlope, and DE the top of the foot-bank. 


the inner face or ſlope 


the top or crown ' of the Tr e 


the outer or front | 
the face of the wall, called the ſcarp. 
the breadth of the moat. 


the outer wall of the moat, or er 
the breadth of the covered - way. 
the flope, and vo the top of the foot. bank. 

the flope of the Parapet, or innet face of the 


lacis. 


che gentle flope, and P the head of the e glack, 
ilitary 
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Military works of defence ſhould be conformable to the principles, 
which have from time to time been collected and eſtabliſhed as funda- 
mental propoſitions, ſuch are the following. 


85. GENERAL PRINCIPLESp uſually called Maxius. 


I. The plan of every place that is to be fortified, ought firſt to be 
circumſcribed with one of the moſt convenient polygonal figures that 
can be fitted to that place, and this o—_—_ to be fortified, | 

II. The more regular the e ing polygon is, the better. 

III. It is a diſadvantage to be under a nece 
works about a fortreſs. 1 

IV, Every ſide; of the polygon, as much as is yoſbble, ſhould be e- 
qually fortified ; that the enemy may not have i in his choice to attack 
a part more weak than the reſt. 12 

V. All works ought, as much as is poſſible, to be eaſy to build, hard 
to deſtroy, and not difficult to be repaired. | Treas 

VI. The works about a fortreſs ſhould be fo contrived as to cover the 
defendants, diſcover the approaches of the enemy, and be adapted to 
the common weapons of defence. : | 

VII. Each work ſhould be defended from as many as may be, and li- 
able to be attacked from as few places as poſſible. | | 

VIII. Theſe works made to defend one another ſhould be ſufficiently 
large to contain the troops and cannon neceſfary for that defence. 

IX, Works which are to flank one another, ought not to beat a greater 
diſtance than the point-blank flight of a muſket ſhot. | 

X. The works fartheſt diſtant from the body of the place ſhould ever 
be loweſt, that they may be commanded by thoſe that are nearer. 

XI, None of the works ſhould, if it can be helped, be beyond the 
point-blank reach of the cannon within the town. : 
XII. Wet ditches are preferable for ſmall places, dry ones for large 

laces. 

r XIII. Baſtions with large flanks and large gorges are moſt eſteemed. 

XIV. The flanked angle of a baſtion ſhould not be much leſs than a 
right one, but are better when obtuſe, not exceeding 120 or 130 degrees. 

XV The faces of baſtions ſhould not differ much in length from 
100 yards.” | he 

XVI. A curtin ſhould not be much longer than 180 yards, nor much 
ſhorter than 100 yards. | | 5 

XVII. The angle of the curtin ſhould be between the limits of go 
and 109 degrees | 

XVIII. The point-blank flight of a muſket-ball is about 300 yards, or 
within the limits of 240 and 360 yards; and that of a battering cannon 
is about 1200, yards. N 

XIX. Battering cannon will drive a ball 14 or 15 feet into a bank of 
common earth at the diſtance of 300 or 400 yards. 


ty of extending the 


From the foregoing maxims conſtructions have been made for all the 
regular polygons from four to twelve ſides incluſive ; and. the quantity of 
the ſeveral lines and angles have been obtained from trigonometrical ope- 
rations; the reſults of which are contained in the following table. 
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By the help of this table, every thing relative to the maſter-line of 
any of theſe fortreſſes is readily conſtructed. 


Io deſcribe any of the polygons in the table. 


FiRST. To conſtruct a polygon in a circle. Plate XVI. Fig. 1. 


1ſt. With the exterior radius of the given polygon deſcribe a circle. 
2d. Apply the exterior ſide equal to 360 yards within the circumfe- 
rence of that circle, from à to B, B to c, c to p, &c. as many times 


as the propolee polygon has ſides. | 
3d. Draw the lines AB, Bc, CD, &c. and the polygon will be con- 


ſtructed, 


88. SECONDLY. To conſtruct a Tabea upon the exterior ſide. Plate XVI. 
ig. 2. | 


1ſt. Draw the exterior ſide AB equal to 360 yards, 
2d, At the ends A, B, make angles equal to the angle of the polygon, 
and in that poſition draw the lines AE, Bc, each of the length of AB. 
3d. At the points E, c, make angles as before, and in thoſe poſitions 
draw the lines ED, cD, each of the ſame length as AB. 
And thus proceed until the polygon is conſtructed. | 
Note, The two laſt lines may be found by deſcribing interſecting arcs 
D, with the radius AB, from the centers E and c. 


89. PROBLEM Il. 


To fortify any regular polygon in the table. 
Or, To draw the MAsTER-LINE of a regular fortreſs, 


FiRs T. From the exterior fide. Plate XVI. Fig. 3. 


1ſt. Make the exterior fide AR equal to 360 yards, and find its middle c. 

2d. Draw cp at right angles to AB, and make cb equal to the normal. 

3d. Through p draw the lines of defence Ap RH, BDG. 

4th. Make the faces AE, Br, each of their proper lengths. 

5th. Transfer the diſtance FE from F to G, and from s to 11. 

6th. Draw the curtin GH, and the flanks EG, rn. 

This work being done for every front or ſide, the maſter-line of the 
fortreſs will be deſcribed. "P 

This method is moſt fit, when the maſter-line is to be laid down on 


a place where there were no works before. 
U 


go. SECONDLY. To fortify from the curtin. Fig. 3. 
3ſt. Make the curtin GH of its proper length, for the given polygon. 
2d. Make the angles of the curtin nr, GHF, as in the table: 

d. In the lines GE, HF, take the flanks GE, Hr, of their proper length. 
4th. Make the angles of the ſhoulders GEA, HFs, as in the table. 


5th. Make the faces FB, EA, of their proper lengths. | 
| 5 This 
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This method is proper to be uſed when a piece of an old fortification 


15 to ſerve for a curtin to ſave expence. 


91. TyirDLY. To fortify from the interior fide. Fig. 3. 

1ſt. Make the interior ſide IK of the length given in the table for the 
propoſed polygon. 

2d. From each end ſet off its proper demigorge KH and G1. 

3d. On k and I as centers, with the extent of the capital, as in the 
table, deſcribe arcs at Band a. h 

4th. On H and o as centers, with the length of the line of defence, 
as in the table, cut the former arcs in A and B. 

_ 5th. Draw the lines AH, BO; in which take the faces AE, Br, and 

draw the flanks EO, Fn. | | 


This method js uſeſul when modern ramparts and baſtions are to be 
annexed to ſimple walls ſurrounding a place. | | 

In either of the above methods, the work here deſcribed for one front 
is to be applied to every front of the polygon ; and it is recommended 
to the learner, that he apply the precepts given for one front, to a com- 


plete polygon ; and ſhould a frequent repetition of thefe operations to a 


whole polygon become diſagreeable, they may be done only on two 
| fronts, which may be thus drawn. | 

Draw a capital line AL; make the angles LAB, LAàA, each equal to 
half the angle of the polygon ; and make the ſides AB, A& each equal 
to 360 yards. ; 


92. PROBLE MM, 
To confiruft the plan of a baſtion. Plate XVI. Fig. 4. 


1ſt. Draw a capital line Bx, and make the angles MBK, FRE, each 
equal to half the flanked angle. | | 
2d, Take the lines Br, BM, each of the length of the face. 
3d. At the points r, 11, make the angles of the ſhoulder BFH, BMN. 
4th. Make the lines FH, ux, each of the length of the flank. 
5th. At the points H, N, make the angles FHO, MNa, equal to the 
angle of the eurtin, and draw the pieces of the cuctin HG, Na. 


This problem may be found uſeful on many occafions ; particularly 
when the drawings of works in a baſtion are to be repreſented with that 


ae on a large ſcale; thereſore it was here introduced, more 


eſpecially for beginners, who are apt to be ſomewhat puzzled about 
conſtructing part of a work, independent of the whole. 


93. TR O'B'L'E NM TV. 
The mafter-ling of a fortreſs being = ; to draw the plan of the rampart* 
„„ + 40 Fig. 8. 


1ſt. Drawthe linesag perpendicular to each face, flank and curtin. 
24, In each of the lines g take &'g=24 yards, ab=20 yards. 
I ac = 8 yards, ad= 6 yards. 

3d. Through 


Ii 
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3d. Through. the points 4 c, ö, g, draw lines parallel to the maſter- 
line; that js, to each face flank, and curtin, imerſecting one another. 
Then the breadth of the rampart is repreſented by 42 g=24 yards. 
17929 of the parapet - ö by ad= 6 yards. 
of the foot- bank by 4e 2 yards. 
of the walk of the rampart by c =12 yards. 
And of the ſlope of the rampart by bg= 4 yards. 


The breadths of theſe parts of the rampart are ſometimes different, 
according to the quality of the earth, or other materials the work is to 
be built with, "ws — 

Sometimes the baſtions are made ſolid; that is, the rampart fills up 
the whole ſpace contained within the faces, flanks, and neck. The plans 
of ſuch are, repteſented by continuing the pair of lines b g, forming the 
inner ſtope of the rampact, agaiult the adjacent curtins, till they meet 
the capital, in the breaſt of the baſtion, as at R: but then this pair of 
lines is to be omitted againſt the flanks and faces of ſuch baſtions. 

In plans drawn from a large ſcale it is uſual to expreſs the outſide 
ſlope of the rampart by a pair of lines; that is, by drawing a parallel 
to the maſter-line about five or ſix feet diſtant from it on the outfide. 

The maſter-line is to be drawn the thickeſt ;. the inſide of the yarapet 
ſomething finer ; and the other lines as fine as they can be drawn. 


o 


94. Before any of the lines are drawn in ink (for it ſhould be re- 


marked that every thing is firſt to be drawn in black lead pencil), let 


the ramps be put in the inner ſlope of the rampart (52); the embra» 
ſures in the parapets of the flanks (46); the barbets in the ſaliant angles 
of the baſtions, fig. 6. with their ramps (56); and the cavaliers, if any 
are to be, in the ſolid baſtions, fig. 7. with, their ramps and embraſures 


(58). | Kitt a 
All theſe ſeveral parts being laid down, with black lead pencil, let che 
lines be neatly drawn with Indian ink, taking care not to. draw. them 


beyond their proper terminations; for wherever ſuperfluous, ink lines are 


ſcraped off, the plans will never look well when they come to be waſh- 


ed with any colour. | Eros 

When the plan is to be waſhed, that is, coloured with tints. of In- 
dian ink or other colours, leave the lower line. of the inner ſlope of the 
rampart in lead pencil, which will make it appear ſofter, when the draw- 
ing is cleaned off. 


i REMARKS. 
95. In the middle of baſtions, fig. 8. it is uſual to build magazines 
for the ſtores of powder, bombs, and other fire-works, and alſs for the 


proviſions for the troops and lodging. For. in theſe places they are not. 


only more out of the way of doing damage to the town on an accident 


of blowing up, but they are alſo nearer at hand to be tranſported to the 


ſeveral works where they may be wanted; and here the troops may ſe- 
curely take their reil when relieved from duty. 


Theſe 


g 


j 
9 
' 
{ 
ö 
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Theſe magazines are uſually built about 20 yards long by 12 broad in 
the clear, and about 8 feet high in the upright, beſides the riſe of the 
ſemicircular - vault: the fide walls are about 8 or 9 feet thick at the 
foundations, and about 8 at top; the end walls about 5 at bottom and 
4 at top: and that they may be bomb proof, the work is about three 
feet thick in the reins, or juſt above the ſpringing of the arch, and eight 


or nine feet thick in the crown or top; this is effected by building the 


roof ſloping on the outſide, like the roof of a houſe. 

Theſe buildings are ſometimes ſtrengthened on each ſide by butreſſes 
6 feet by 4 ; and in each ſide wall there ſhould be left in the ſolidity of 
the wall vent-holes to air the magazine: theſe vents wind round a kind 
of ſhaft of about a foot ſquare. In each gable end, a ſmall window is 
made to give light. | E ST 464 R s 

96. Magazines may be either in hollow or ſolid baſtions; care being 
taken in the latter to leave an area about their walls, if the place is ſub- 
ject to damps. There are thoſe, who would have the magazines at the 
foot of the rampart along the curtins, in order (as they ſay) that the baſtion, 
by being left clear, may be diſputed with the enemy inch by inch at 
laſt ; but as there are very few examples, ſince the modern practice of 


war, of ſuch extraordinary reſolution in the defendants after a breach is 


made, the reaſons for having the baſtions thus unincumbered with 
buildings, are rather ideal-than real, and conſequently can have but little 
weight. However, when the ditch furniſhes earth enough, or it can 
be otherwiſe eaſily had, it has been the practice of the moſt celebrated 
engineers to make full baſtions, eſpecially if they were ſmall and had 
narrow necks. e ien 
97. In the faliant angles of baſtions, fig. 7. ſuch as the flanked angle, 


and the angles of the ſhoulders, it is uſual to make little centry-boxes 


of wood or ſtone, to ſecure the centinels from the inclemency of the 
weather and random ſhot. They are furniſhed in the ſides with loop- 
holes, to ſee what is doing in the ditch and covered-way, and alſo to 
fire through on occaſion. - 

The plans of theſe centry- boxes may be either ſquare, round, or pen- 
tagonal, and their floors are on a level with the walk of the rampart ; 
their communication is by a paſſage of about 3 feet wide, bricked on each 
ſide, cut through the parapet. 

The centry-boxes built of ſtone are uſually ornamented with mould- 
ings, and the arms of the prince or ſtate, 


98. PROBLEM V. 
The ma ſter- line of a firtreſs being given, to draw the plan of the fofs and 
2 f | i Ek Plate XVI. Fig. 4. 4 | 


iſt. On the flanked angle B of each baſtion, with the radius Bc equal 
to the breadrh of the foſs, found in the table, deſcribe an arc cc. 


Pn 4 2 


2d. Lay a ruler to touch each arc at c, and the angle E of the neareſt 


ſhoulder of the next baſtion, and in that direction draw the lines Cp, 

meeting one another in p. , 
3d. From the flanked angle of each baſtion draw lines pg at right 

angles to Cp. 


4th, In 


"So 


more. 2 
part of 
render 
on an) 
point u 
and ſti! 

101. 
for the 
as they 
Sc. Ne 
method 
ſurprize 
covered, 
he wou! 
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4th. In each of the lines B gy take ca 16 yards (Fig. 4.) 


Cr 2 yards, and c o yards. | 


zth. Through the points, a, o, 9, draw lines parallel to cp, meeting 
before the middles of the curtins at c and z (Fig. 3), and before the 
flanked angle of the baſtions in v, . Pꝝ95. 
Then will gc repreſent the breadth of the foſs. 


Cg 2544 14114 ef theleſplanade. 
n 21 tag of the covered - way. 113 
a8 oi; 1 of the foot-bank. 7 
1444 jo S152» ol the glacis. 
The arcs cc repreſent the roundings-of the foſs. 
I be lines cp ibe counterſcarp. 
t the head! 
XJ dhe ridges : 
s 4 ++] - the valleys { ? r 
And yt the foot : 


The head of the glacis is to be drawn ſtrong, and all the other lines 
are to be fine. 10755 23 | 


99. When the plan is to be waſhed, if the foot of the glacis be drawn 
in lead pencil only, the termination of the glacis, or its concourſe with 


the adjoining lands, will appear more ſoft and neat, 
In the colouring of the glacis it is uſual firſt to lay a very light tint 


of colour over every plane, and then to ſttengthen the colour on every 


ſecond plane, beginning at any ſaliant angle; the ſtrongeſt tint to be 
next the head of the glacis, and to be waſhed gradually off; ſo that the 


limits of the lighteſt ſhade ſhall lie in a diagonal line from the foot of 


the glacis at a ridge, to the head of the valley, as from y to 3. 


Give a light touch of the pencil or bruſh, with a middling tint of 150 


dian ink, along the inſide of the line, denoting the foot-bank. 
Waſh the borders of the ditch near the ſcarp and counterſcarp, 
ſoftening the edge of the colour with a bruſh wet with fair water : in 


wet ditches the colour uſed is diſtilled verdigtiſe; but in dry ditches uſe 


biſter. | 8 0 6 
The parapet is generally coloured with a middling tint of Indian ink. 


100. By this method of drawing the counterſcarp, all the foſs is ſeen 


from the flanks, and conſequently is defended by them; which muſtibe 


more advantageous than if the counterſcarp was directed to any other 
part of the flank, the intercepted part next the ſhoulder. being by it 
rendered uſeleſs for the defence of the diich; nevertheleſs, if it were 


on any account neceſſary, the direction of the wall of the ditch may 


point within the ſhoulder by the the thickneſs of the parapet of the face, 


and ſtill the foſs would have the whole defence of the flank. 

101. Fortifications in general would be very defeCtive without foſles : 
for the wall or rampart need not be raiſed ſo bigh when there is a ditch, 
as they muſt be without one, to ſecure the place from ſurprizes by ſcaling, 
Sc. Neither is a low wall ſo much expoſed as a high one is in the modern 
methods of attack, Beſides, a place is not ſo liable to the attempts of a 
ſurprize with a foſs, as it would be without one; for the enemy, if diſ- 
covered, may eaſily retreat while he is on a level with the country, which 
he would find ſome difficulty in doing from the bottom of a deep foſs 


bounded 


| 
| 
| 
| 
| 
| 


| 
| 
| 
| 
| 
| 
| 
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bounded by walls or banks nearly upright. Add to theſe; that the 
— — out of the ditch ferves to make the ramparts, parapets, gla- 
9-48 1:31.67 | | Chloe”, man? T9, 

102. It may appear to ſome perſons, that the broader and deeper a 
ſoſs is, the better, as it would throw more difficulties in the way of the 
beſiegers when they wanted to paſs it: but ſome advantages are beſt 
waved, when, by taking them, greater diſadvantages would enſue. For 
beſide the great expence that the digging and removing ſo much earth 
would occaſion, the enemy might ſee the foot of the wall at a greater 


* diſtance in a broad diich; and in a deep one, the cannon of the flanks 


could not dip low enough to defend the bottom. And on the whole, 
if the foſs by its magnitude furniſhed more earth than was wanted, ſome 
inconvenience might ariſe in the diſpoſing of the overplus. 
103. Thoſe foſſes are beſt, which can be filled with water and drain- 
ed at pleaſure by the help of fluicesor floodgates ; becauſe all the advan- 
tages that maꝝ be reaped either from a wet or dry fols, are by theſe means 
obtained: but as theſe carifiet be had every where, the ditch muſt be 
adapted to the ſituation of the place. ano 
In dry foffes a row of palliſades is ſometimes planted along the middle, 
either upright, or ſloping towards the counterfearp 20“ or 300 from the 
upright. 0017 1 HBO , ; | 
be fome dry ſoſſes, where water can be had, a trench called CuverTt 
n= (Fig. 12.) is dug along the middle, of about 12 or 15, feet wide and 
6 feet deep, for the water to run in. HEUER _ 
The breadth of the foſs, akhovgh unequal in itfelf, is'reckoned from 
the flanked angles, before which it is always rounded; the depth here 
may be from 15 to 20 feet, and thence rife gradually to the middle of the 
curtin, where the depth is 2 or 5 feet leſs. En 


Of Gates, 


104. A Gar in a fortified place, is a paſſage through the rampart, 
which can be ſhut up or opened by the means of doors and a portcullis. 


105. A PoxTCULLTs, is either a HERE conſiſting of ſtrong pieces of 


timber framed like a lattice, the lower ends of the upright pieces being 
ſhod with pointed iron, an the whole frame let down by chairs or ropes : 
or Ox cus, conſiſting of ſeveral long pieces of timber not framed to- 
gether; each hanging by its particular rope or chain, the ends of which 
are wound round a winlaſs which lets them all down together. 

The uſe of a portcullis is to ſtop the gateway in caſe of a ſurprize; 
and in this, the orgues are by much the beſt contrivance ; for a herſe 
may be broken to pieces by a perard, or by cannon ſhot : but ſhould a 
beam in the orgues be ſtruek off in the middle, the upper part will de- 
ſcend to ſupply the place of the part taken away. 

Gates are either public or private. 

106. PRIVATE or PosTERN GATES are thoſe paſſages through the 
rampart by wWhick the troops can go out of the town unfeen by the ene- 
my, when they paſs to and from the relief of the duty in the outworks; 
or on any other occaſion which is to be concealed from the beſiegers. 


107. Pus- 
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107. PosLic oArESs are the paſſages through the middles of the 
curtins, to which the great roads or public ways lead. | 
They are put in the middles of curtins, as being the beſt defended 
place in the outline of the rampart. | 5, 0 
The dimenſions of a public gateway are uſually about 13 or 14 feet 

high, and q or 10 feet wide, continued through the rampart, with 
proper receſſes for the foot-paſſengers to ſtand in while the wheel-car- 
riages paſs'on. It is uſual to ornament the front of the gateway on the 
outſide with architecture either of the Tuſcan or Doric order, and to 
cover the paſſage with a ſtrong vault. Over the vault, cloſe to the 
town-wall, is erected a building of about 18 or 20 feet ſquare, in which 
is ſuſpended the portcullis; and on the inſide of the rampart there is 
generally raiſed another building, of about 100 feet in front and 30 
deep, and high enough to contain one or two floors of rooms for one 
of the town-offiers, the ground floor ſerving for guard-rooms for the 
froops who are on duty at the gates. | 


108. To conflrudt the Plan of a gate with the adjoining buildings. Pl. XVI. 


Fig. . 


Let the line ac repreſent the thickneſs of the baſe of the rampart, and 
the middle line of the gateway; in which take theſe meaſures in feet: 
af=43; fr=06; rh=18; cig 30; and cm=15: through theſe points 
lines being drawn parallel to the curtin, take f4=44 ; f6=14; rg= 
9.3 c>=50; and Ib feet, and complete the figure. 

Then bg repreſents the plan of the frontiſpiece; gh of the portcullis 
room; i & of the arcade or guard-houle; and | is the breadth of the 
ſtairs to aſcend the rampart. | | 


The plan, to which theſe directions refer, is on the right hand fide of 
the plate. | 


109. . Of the diſpoſition of the Streets and Buildings in a Fortreſs. 


When a new town is built and fortified, and all that relates to the 
rampart is fixed with regard to ſituation and fize; then the plan of the 
ſtreets are to be conſidered; and here ſome authors have thought it con- 
venient to adapt the poſition of the ſtreets to the climate the town is 
built in. . 8 
Thüs in hot climates, they would have the ſtreets run NE, and 
SW.; NW. and SE.; for then the ſtreets will be ſhaded by the houſes 
from the mid-day ſun. In this manner New Briſac, part of Malta, and 
ſome other regular built towns, are laid out. But in cold climates, 
they adviſe to place the ſtreets ſo as to run north and ſouth, caſt and 


. 


welt, in order to have as much ſun- heat as can be. 3 


| 110. * To defeen 4 Plan of the flreets and buildings, 


About the middle L of the town deſcribe-a ſquare, the ſides of which 
ſhall be parallel to the poſition of the ſtreets (already determined); this 


ſquare is called the great place af arms, and the ze of it ſhould be pro- 
Vor , II. e 


33 


portioned 


— . ũ — - 
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tioned to that of the town, and to the number of troops deſigned ſor 
its defence. I hus in a ſquare, make the ſide of the place of arms about 
go yards; in a pentagon, about 100; a hexagon, 1203 a heptagon, 140; 
an octagon, about 160 yards, c. In this place of arms the troops 
parade. or are aſſembled for their daily exerciſe. e | 

Ia the continuation of each fide of the ſquare draw ſtreets abour 10 
yards wide; likewiſe through the middle of each fide diaw a ſtreet 
about 12 yards broad; croſs theſe ſtreets. perpendicularly with others 
about 8 yards wide; make the parallel diſtance of theſe croſs-ſtreets 
about 40 yards, and continue all the lines to the rampart, _ | 

It is not neceſſary, that the middle ftreets going from the great place of 
arms L ſhould terminate directly againſt the gate E, fig. 9. But it is 
| ſomewhat more convenient, when the circumſtances of the place will 
admit ĩt to be ſo. ; 
Make fireets about 10 or 12 yards ward, parallel to the curtins, and 
bounded on one fide by the rampart. About 15 yards diſtant from this 
ſtreet, within, draw another ftreet about ꝙ yards wide. In the ſpace x 
between theſe two ſtreets the barracks for lodging the officers and ſol- 
diers are built; and in the ſtreet next the rampart the piles of thet and 
bombs are ſometimes placed. 
Tbe length of the plan of a barrack before a curtin is about 140 or 
180 yards, andthe plan of a pavilion 1 for the officers may be about 25 
yards long by 16 or 18 yards broad. | | 

Againit thoſe curtins where the public gates x are placed, the barracks 

are diſcontinued for about 40 yards on each fide the gate, making an 
area about 80 yards long, and 36 broad, which ſerves ſor a lefler place 
ol arms, where the guards of a gate way draw up in caſe of a furprize : 
this area is allo uſeful for the carriages that are going out to ſtop in, 
until thoſe'on the bridge coming in have entered the gate. In figures of 
4, 5. or 6 ſides this area is les. 1219 

1 he extremities 1 of the barracks next the gates and baſtions are uſu- 
ally aſſigned for the officers pavilions, being the moſt airy places. 
111. Of the rectangular plats made by the interfeCtions of the ſtreets, 

the moſt conveniently fituated ones are to be choſen for the * 1 build- 

ings; ſuch as the arſenal, church, town-houſe, market, houſe for the 
governor, and for the other chief officers in the ſervice of the ſtate; 
and on the remaining plats houſes are built for the burghers. 

Beſide the guard-houſes of the gates there ſhould be others made on 
the ramparts for the centinels appointed for the night watch; theſe guard- 
chambers are often placed at the centers of the necks of baftions, when 
in thoſe places there are no cavaliers or magazines of powder. They are 
alſo well difpoſed, when ſet on the middles of theſe curtins where there 
are no public gates, eſpecially when there is a water-gate through which 

runs a canal or river. | 

The arſenal ſhould be erected in a place the leaſt liable to accidents of 

fire; and if there is a conveniency of water-carriage in the town, the 
arſenal ſhould be placed as near the water as may be. 
There are no general rules to be gi 
the publie buildings are to be ereCted, becauſe the circumſtances by which 
engineers regulate their plans ace various. Therefore in the figure on 
wie ferre 


iven for fixing the places on which 
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ferred to, which is a regular pentagon fortified in the common way, the 
ſtreets and buildings are laid out in imitation of their diſpoſition in New 
Briſac; which being in general eſteem is uſually propoſed as a pattern 
for beginners. . | S 5 

There are many writers on this ſubject, who propoſe to make the 
great place of arms, or parade, fimilar to the figure of the town when 
regular; and from the angles and ſides of this parade, draw ſtreets to the 
middle of the baſtions and curtins ; but as this diſpoſition ſpoils moſt 
of the corner houſes in the town by making the walls at oblique angles 


to one another, it was thought ſufficient barely to mention ſucli con- 
ſtructions. | 


Of Bridges. 


112. The paſſage over the moats of fortified places is by bridges, moſt 
commonly made of timber, and ſupported by frames riſing from the 
bottom of the ditch : ſuch bridges are either privare or public. 

PRIVATE BRIDGEs ſerve for the eaſy communication between the 
town and the outworks. 

PUBLIC BRIDGES are thoſe by which carriages arid paſſerigers go over 
when they come into or depart from the town. | 

Bridges conſiſt of two parts, namely, the fixed and moveable. 2 

The rixEp or DORMANT parts of a bridge are thoſe parts, which 
are ſtrongly joined to the ſupporting piers; and are never moved but in 
the caſes of repairs, or during a ſiege. | 

The MovaRBLE or DRAw-BRID CE is a floor of timber framed to- 
gether, one end of which ſerves as an axis, by which the other end may 
de drawn up ot let down by ſome eaſy contrivance: the moſt common 

way is by a kind of balance called plyers, 5 

The PLyeRs are two timber levers about twice the length of the 
bridge they lift, and joined together by other timbers framed ln the form 
of a St. Andrew's croſs, which ſerves as a counterpoiſe. The plyers are 
ſupported by two upright jaumbs, on which they ſwing ; and the diaw- 
bridge is raiſed or let down by the means of chains joined at the ends of 
the plyers and bridge. 1 | | £ 

he breadth of a public bridge is uſually about 16 feet, including the 
rails and footway of about 3 feet on each fide: but the breadth of the 
draw=bridge is only 9 or 10 feet, and its length about 15 feet. 4 
A draw-bridge is generally placed cloſe to the gate, whether it be the 
gate of the town or that of an outwork; and is then by the means of the 
plyers drawn up againſt the gate. But when a bridge is more than 40 
yards long, it is uſual beſide the draw-bridge at the gate to put another 
about the middle of the bridge. | 


113. | To dia a Bridge inthe Plan of a Pertreſs. | 
Before the gates draw four lines acroſs the ditch, making three ifitef< 
vals or ſpaces, the middle one being 10 feet broad, arid the ipiice'on Each 
ide three feet, 2 
„„ Divide 
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Divide the length of the bridge into parts of about 16 feet long each, 
to expreſs the diſtance between pier and pier, or the bays of building; 
and againſt each diviſion, on the outſide of the lines, make a ſquare of a 
foot, to expreſs the ends of the piers ſupporting the bridge. 

Allow the bay next the gate for a draw bridge; and if the length of 
the bridge exceeds 40 yards, allow the middle bay for another draw- 
bridge. Theſe are to be diſtinguiſhed by drawing two diagonals acroſs 
the middle interval of theſe bays, that of the other bays having lines 
drawn acroſs them at a ſmall diſtance from one another, and the ſpace 
on each ſide left white for the footway ; which is to be broken off at 
each draw-bridge. See figs. 13, 15. Plate XVI. [es 


v4 | Of the Orillon and Retired flank. 


When the beſiegers of a fortreſs have made a breach in the face of a 


baſtion ſufficiently perfect, and have every thing ready for the ſtorm, 
they croſs the ditch to the attack, if the beſieged will ſuffer it to be 
brought on. In this attack, the fire from the flanks is the moſt effectual 
defence ; and cannon placed there, loaded with grape or caſe ſhot, would 


do great execution. But of this the beſiegers are well aware, and there- . 


fore take care beforehand to difmount all the cannon flanking their in- 
tended paſſage of the foſs; and as this cannot be well prevented by the 
befieged, eſpecially when the flanks are plain ones, ſeveral of the moſt 
eminent engineers have propoſed, and actually built part of the flanks 
retired behind the ordinary limits, leaving at the ſhoulder of the baſtion 
a maſs of earth, commonly called an Orillon, which is to ſerve as a 
ſkreen between the enemy's direct fire and a part of the flank. In this 
covered part is reſerved one or two cannon, to be uſed only in the de- 
Fence of the breach in the face of the next baſtion. 

This notion of covering part of the flank is almoſt as old as the mo- 
dern method of fortification. 


a— 


115. To conſiruf the Oril.on and Retired flank, Plate XVI. Fig. 10. 


1ſt. At right angles to the face As, draw from the angle of the ſhoulder 
the line s% equal to 8 or 9 yards, and make 6 the center of the arc sa, 
forming the orilon. | 
2. From a point z in the face of the next baſtion, fig. 6, about 15 
yards from the point A, draw thiough aa line z m; in which, and alſo in 
the line of defence Ar produced, take the briſures or breaks am and rn, 
each 10 yards. ; | 
d. From m and n, with the radius n, deſcribe arcs cutting in d, 
which make the center of the arc mn, or concave flank. | 
4th. In dm produced, which ſerves as the termination at this end, 
lay the ſeveral breadths of the parts of the rampart; as the parapet=6 
yards, foot-bank=2 yards, walk=12 yards, and the flope=4 yards; 
then from the center d, through thoſe points, deſcribe arcs, meeting 
the parapet, foot-bank, and rampart lines of the briſure, theſe being in 
<4. continuation of the like lines drawn within the ſace of the next 
on. 


The 
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The parapet of the orillon is drawn parallel to s a at 6 yards diſtance. 
The axis or middle line of each uncovered embraſure in the flank, 

ſhould fend towards a point about the middle of the foſs oppoſite the 
flanked angle of the next baſtion. 

The wall in the upper briſure a m, as it cannot be battered, need not 
be above 2 or 3 feet thick to ſupport the earth behind it, 

Throngh this wall there ſhould be a ſally-port coming out at the bot- 
tom of the foſs if a dry one, or a little above the water line in a wet fofs. 
The deſcent to this port is by a paſſage under the rampart of the flank 
but in ſtraight flanks the ſally port is in the curtin next the angle of the 
flank, the paſſage to it being under the rampart of the curtin. 

The entrance into theſe ſally-ports is marked on the inner ſlope of 
the rampart againſt the letters v, | | 


116, Of Double flanks. 


The progreſs of the works of the beſiegers generally depends on their 
having a greater army than is in the town beſieged, and of forming a 
greater fire on the town than it can return; therefore ſome engineers 
have endeavoured to hinder the progreſs of the beſiegers batteries, by 
furniſhing the town with an equal, or rather a ſuperior fire; and this 
has been propoſed to be effected by making ſecond and third flanks, 
one behind another, gradually more elevated than thoſe before. For as 
it is found convenient to ſilence the fire of the flanks, before the be- 
ſiegers can avail themſelves of the breach they make in the face of the 
baſtion ; batteries are made againſt the flanks, and kept playing at the 
ſame time with thoſe againſt the faces. Now the batteries for the ruin 
of the flanks can be conveniently made only within 10 or 12 yards of 
the head of the glacis, and their length not greater than about 40 yards, 
containing at moſt about 6 or 7 cannon. But if the beſieged can by any 


artifice preferve the cannon in the oppoſite flank, and have a greater 


number there than are in the battery oppoſed, their fire will of courſe 
be ſuperior, and ruin the battery intended to offend them ; and this 
was expected to be accompliſhed by double, or cazemated flanks. | 

In ſome places two or three tier of cannon were placed one above the 
other, the upper ones being ſupported by vaulted work, as in the Tower 
of London ; but ſuch having been found very inconvenient, on account 
of the great ſmother contained in the vaults, they have been generally 
conſtructed open. | | 

The cazemated flanks have been condemned by many writers, becauſe 
they may be rendered uſeleſs by the enemy's bombs; were this objec- 
tion juſt, it would hold againſt any ſmall work; for the beſiegers having 
once pot the length to any place, may render that place alſo uſeleſs to 
the beſieged; and it would thence follow, that it were beſt not to have 
any places of defence. But as the utility of ſuch works has been com- 
mended by ſome of the moſt eminent engineers, it was judged , roper to 
mention here how theſe flanks may be conſtructed. | 


"0 2 „„ SECTION 


38 MARINE FORTIFICATION. 


SECTI ON V. 
117. Of Works for the defence of the Poſs. 


Such works are uſually called tenail;, or ramſborns, or caponiers. 
A'TENAIL is a work raiſed in the ditch before the curtin upon the 
lines of defence. 


' A RAMSHORN is a curved tenail raiſed in the foſs before the flanks, 
and preſenting its convexity to the covered way. 


A CaPoXIER is a kind of covered way or gallery acroſs a dry ditch 


before the middle of the curtin and limited between the lines of de- 
ſence and the counterſcarp. 


The tenailt never riſe above the common ground level, but are fre- 
quently two or three feet lower : they conſiſt of a rampart of about 12 
or 15 yards thick, covered by a parapet of cannon proof, with one or 
two foot banks. Theſe works are placed at ſuch a diſtance from the 
curtins and flanks, that the ſplinters of ſtone knocked off them by the 


| befiegers cannon may not hurt the troops poſted there to flank the enemy 


in their paſſage of the foſs; which is the principal uſe they are made for. 

The caponier is of like uſe, but is uſually ſunk about two or three feet 
lower than the bottom of the foſs. It is about two or three yards broad, 
and i is covered by a parapet about ſx feet hi 2 on each ſide, which flopes 
away like a glacis about 15 yards broad. It is frequently covered by a 
roof made with hurdles, to ſuſtain a floor of earth about a foot thick, and 
the whole ſupported with thick planks muſket-proof with convenient 
loop-holes for the defendants, to fire through. 


11 8. To confiruft Tenaill. Plate XVI. 


Firft fort with flanks, Fi ig. 11. Parallel to the curtins and flanks, draw 
the lines eg at 4or 5 yards diſtance, and Ee, G , at 10 yards diſtance : 
| from r, and p, the middles of cG, Ce, draw the flanks F 'f, o d, at 
| right angles to the lines of defence ag, Be; draw the curtin'df, and 
pun in the rampart, parapet, and foot-bank. 

Second fort with faces, only. Fig. 12. Take the diſtances from the cur- 
un and flanks, the ſame as before ; and to the lines of defence annex the 
FATmPart and parapet, 

Third fort with faces and curtin, Fig. 3. When the lines of defence 
eu one another in p, ſo near the curtin that there is not room for the 
thickneſs of the rampart and its diſtance from the curtin, make the face 
a by 0, each of 3 7 of aD, and draw the curtin ab. | 


119. To conſtruct a Caponier. Fig. 12. F 


From the exterior flanking angle D, draw a line Þ p to the angle of the 
e Nee þ; on each fide of D 5 draw parallel lines, at the diſtances 
of 14, 24, and 15 yards from Dp; theſe lines being limited by the lines 
of defence and counterſearp, form the caponier, 

This work, which can he uſed only in a dry ditch, ſerves, beſides its 
defence of the fols, for a convenient paſſage between the town and its 
vutworks 3 and i in this caſe there 1 15 uſually a circular excavation . 

c 
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the angle of the counterſcarp, out of which the troops may deſile with- 
out being ſeen by the enemy. 


120. To conſiruft a Ramſborn. Plate XVI. Fig. 1 3 


A line Da drawn from p, the angle of the ſhoulder, at right angles 
to the line of defence, its interſection @ with BI, the other line of de- 
fence continued, gives the center 4; from which, with the radius @ p, 
deſeribe the outline ac of the ramſhorn, cÞ being equal to 10 yards; 
and annex a parapet, foot-bank, and walk, as in the other tenails. | 

This work ſeems preſerable to either of the other tenails, both on ac- 
count of its ſimplicity, and the defence for which it is conſtructed. 


SECTION Vi. 
Of Outworks. 


121. OUuTwoRKs are all thoſe works advanced beyond the foſs, ſery- 
ing to augment the defence of the town, to cover the gates, bridges, 
and other weak parts; to encloſe thoſe eminences, not too far diſtant, 
which command the town; to ſurround and defend the ſuburbs, if any; 
and, in fine, to throw ſo many difficulties in the way of the beſiegers, 
that by the length of the ſiege, the enemy may waſte both his time and 
troops; beſides, ſuch protraction frequently affords an opportunity of 
obliging him to raiſe the ſiege, either by the approach of a relieving 
army, or by the ſetting in of a ſeaſon unfit for mllitary buſineſs. | 

The outworks recorded by engineers are various, ſuch as ravelins, 
half-moons, lunets, counterguards, horn works, crown works, tenails, and 
ſeveral others. But many of them having been found defeCtive, are 
now diſuſed in all new works and alterations; and therefore thoſe only 
which are now in moſt efteem will be here treated of, referring the more 
inquiſitive readcrs to the writings of Mallet, Dedier, Le Blond, Muller, 
and others. 

122. The conſtructions of outworks depend on much the ſame prin- 
ciples as thoſe of the place itſelf ; to which may be added, | 

iſt. Every part of an outwork ought to be flanked or defended either 
from ſome neighbouring work, or from the town itſelf ; that the enemy 
may not find any place of real ſhelter among the outworks, without be- 
ing at the labour of throwing up a covering for himſelf. 

2d. As the chief defence depends on the muſket, the parts mutually 
flanking one another, ought to be within the ordinary reach of that 
weapon; that is, not exceeding about 300 yards. : | 

zd. Every outwork ought to be commanded from the town; and. 
therefore the more adyanced works are ever to be the loweſt. Ihe gra- 
dation uſually obſerved from work to work 1s about three feet; that is, 
the rampart of all works advanced before a place gradually diminiſh three 
feet in height from the rampart of that place: thus if the town ramparts 
are 18 feet high, the rampart of the next outwork is 15 feet high, that 
of the work next advanced is 12 feet, and ſo on; thus the more advanced 
outworks are commanded by thoſe next within, 


*C4 4th, The 


by 
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4th. The flanked angle of an outwork ought not to be leſs than 60 
degrees. | | ; f 

Nh, Each outwork ſhould be ſurrounded with a ditch communicating 
with the foſs of the town, When all the ditches can be filled with water, 
they ought to be equally deep ; but when that cannot be obtained, the 
ditches of outworks ſhould be ſhallower than that of the town; by which 
means the front of the outworks will be better defended from the parts 
which flank them. Theſe ditches are uſually from about 20 to 24 
yards broad, and rounded to that breadth before the ſaliant angles, with 


the counterſcarps parallel to the faces or outlines of the work they encom- 


ſs. a 

4 The parapets of outworks are to be equally ſtrong and high with 
thoſe of the town, as they are to be cannon proof, and to cover the 
troops Poſted on the ramparts of thoſe works. So that it is uſual to 
make the parapets of outworks-of about 18 feet thick, 6 or 6 feet high, 
with a foot-bank 4+ feet lower than the crown or creſt of the parapet ; 
and the walk of the rampart about ſeven or eight yards broad, with a 
flope within of about once and a half its height. 

Wen the plan of a fortification is to be drawn, in which are out- 
works, the counterſcarp of the great ſoſs is to remain in black-lead pen- 
ci], until the outworks are annexed in pencil alſo, with their foſſes; then 
the covered way and glacis are to be drawn ſurrounding the foſſes of all 
the works. 


123. Of tbe Ravelin. Plate XVI. Figs. 14, I5, 16; 17. 


A RAVE IN is a work made before a curtin, ſerving to cover it and 
the adjoining flanks from the direct fire of an enemy. It is compoſed 
of two faces, AB, AC (fig. 14), and the two demigorges pB, p c, taken 
on the counterſcarp. 

To conſiruft @ ravelin. In a line drawn at right angles to the curtin 
through its middle, take the capital p A equal to about 100 yards, and 
draw the faces AB, AC, directed to points in the faces of the next baſ- 
tions, about 10 yards diſtance from , the angle of the ſhoulder. 

In this work put a rampart of about 16 or 29 yards, and a parapet of 
about 6 yards; and before the faces put a ſoſs of about 24 yards wide, 
rounded before the ſaliant angle A; alſo annex ramps in the {lope of the 

rampart, and if proper, conſtruct a barbet in the ſaliant angle. 

The gorge of the ravelin, or the part next the town, is leſt open, 
without any rampart ; becauſe the enemy cannot attack it there; and 
alſo, that it may be entirely commanded from the ramparts of the 
town. 


K 


124. It is proper to make a ravelin before every curtin, as the flanks 
are by theſe means covered from the enemy, and cannot well be ruined 
before he is maſter of the ravelin; without which, he would have it in his 
power to batter the flanks from the counterſcarp, both from before the 
cur: in and the face of the baſtion; the latter of theſe being the only place 

he can do it from, when a ravelin is interpoſed, of which he is not 
h maſter; 
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maſter, But the difficulty of erecting a battery on the head of the gla- 
cis againſt the face of a baſtion, is rather to great too be undertaken, while 
the place is defended by the whole fire of the adjacent face of the rave- 
lin; and therefore the beſiegers can ſcarcely hurt the flanks before they 
have taken the ravelin; conſequently ſuch works greatly augment the de- 
fence of a town. | 

125. As the face and foſs of a ravelin is defended by part of the face 
of the oppoſite baſtion ; therefore the faces of the raveli ſhould be di- 
rected ſomewhat within the angle of the ſhoulder, at leaſt as much as 
the breadth of the parapet and foot-bank of the flank ; beſides, by this 
conſtruction they cover the flanks more effectually, which is one of the 
principal things wanted, as the flanks are of molt importance, and to be 
preſerved the longeſt. . 

126. In wet ditches, where the troops paſs from the town to the rave- 
lin in boats, it is proper to make, a kind of harbour, in the gorge of the 
ravelin, where the boats may lie covered from the fire of the enemy; 
and this may be done various ways: One is, by making an excavation 
limited by an arc deſcribed from A (fig. 15), the angle of the counter. 
ſcarp, with a radius of about 20 yards. In dry foſſes, it is proper to 
have either ramps or ſtairs in the gorge of the ravelin, to preſerve a free 
communication, ſhould the bridges be broken by the enemy's ſhot. 

127. In ſome ravelins, (fig. 16) there is conſtructed a kind of redoubt, 
or Keee, which is a ſmall work ſimilar to the ravelin, with a ditch of 
about 10 or 12 yards wide. The capital may be about 30 or 40 yards; 
and the work covered in the faces. by a wall of a foot or two thick, fur- 
niſhed with loop- holes for the muſketry to fire through. | 

This keep ſerves to ſecure a retreat for the troops who defend the ra- 
velin, and on this account the defence of the breach in the ravelin may 
be more obſtinately maintained ; and even when the defendants are 
obliged to give way to a ſuperior force, they may retire into the keep, 
and prevent the enemy from making a lodgment in the outward part of 
the ravelin, or at leaſt greatly obſtruct it; and cannot be driven from 
this place until the enemy has erected a battery, and brought cangon on 
the ravelin to batter the keep. | | | 

The conſtruction may be otherwiſe made by taking the diſtance BA 
equal to about 20 yards on the gorge of the ravelin, and out of the reſt 
forming the keep with its foſs; the ſcarp and counterſcarp being drawn 
parallel to the faces of the ravelin, the two fronts of which form a work 
covering the keep, and is uſually called the counterguard. 

128. The ravelins, called by ſome authors ha//-moons, have ſometimes 
their corners at B and C, fig. 14, cut off, either parallel to the capital 
p A, or at right angles to the foſs, making a kind of flank ahout 12 yards 
long, with its rampart and parapet. ' his ſerves to give a more direct 
fire along the covered-way, which is meant more particularly to be de- 
ſending ; but then it partly lays open the flanks, which the ravelins were 
originally intended to cover. ET OR, a OY es 

129. The celebrated General Caehorn, in the ravelins which he built 
at Bergen-op-Zo0m, contrived a very good defence for the covered- wa 
before the faces of the baſtions, by making retired flanks in the breaſts 
of the ravelin, where one or two cannon might be placed as ſecure from 

c EIS dhe 
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the enemy's fire, as thoſe behind the orillon of a baſtion. Theſe covered 
cannon in the ravelin ſeem to have been intended for the defence of the 
covered-way on the laſt emergency, as thoſe in the baſtion were for the 
defence of the breach, when the befiegers brought on the ſtorm. But 
the covered cannon in the ravelin ſeem to have this preference ; that as 
towns are not uſually given up until the enemy is maſter of the covered- 
way, the ſecreted guns in the ravelin have an opportunity of being em- 
ployed in the uſe for which they were placed there; whereas the guns 
covered by the orillons are very rarely of any uſe, as there are few 
garriſons, which ſtand the ſtorm of the breach in a baſtion. 

130. Cochorn's ravelins may be imitated by the following eonſtruction. 
In the gorge of the ravelin take ah, fig. 17, equal to » ep 20 yards, 
draw the flank ö c at right angles to ab, make bc equal to about 12 or 
14 yards, and draw the cover cd parallel to ab, To the flank bc annex 
a rampart, parapet, embraſures, and ramp; and to prevent theſe flanks 
being raked from the enemy's batteries, particularly by the recacher, or 
bounding ſhot, there may be made a traverſe about 10 feet thick acroſs 
the top of the flank at c. with a ſmall mine under it, to blow up the tra- 
verſe when the beſieged are obliged to quit the ravelin, leſt it ſhould 
ſerve to cover the aſſailants from the fire of the town. | 

Cochorn has alſo made flanks at the corners d of the ravelin, which may 
be conſtructed by taking an equal to 10 yards, and drawing uc parallel 
to bc, meeting cd in d; then de is the flank required. 

It ſeems proper, when ſuch ravelins are uſed, that the faces ſhould 
ſpread on thoſe of the adjoining baſtions 10 or 12 yards farther from the 
angle of the ſhoulder, than in ravelins which have no flanks; and this 
is done at Bergen-op Zim, where the faces of the ravelins would fall be- 
tween 20 and 30 yards from the angle of the ſhoulder on the ſaces of the 
baſtions. | | 


131. Of the Counterguard. 


A CouxTERGUARD is a work generally ſerving to cover a baſtion : 
It is compoſed of two faces, forming a ſaliant angle before the flanked 
angle of a baſtion. 


To cenſirudt it. Plate XVI. Fig. 18. 


Having deſcribed the ravelins, and drawn their ſoſſes, in the coun- 
terſcarp of the ravelin take a6 equal to about 24 yards, and draw the 
face bc parallel to the countericarp of the foſs before the baſtion ; and the 
outline of the counterguard will be determined ; the inner boundary be- 
ing the counterſcarp of the grand foſs 
In this work put a rampart about 16 or 18 yards broad, with a parapet 
of ſix yards, aud annex the ramps and a barbet if neceſſary: Alſo 
t a foſs of 24 yards in breadth, the counterſcarp being parallel to the 

ces. | | | 

The counterguard ſeems to be, next to the ravelin, one of the moſt 
uſeful qutworks ; for it occupies but little ground, is of n) great 
pence, covers the faces of the baſtion. ſo eſfectually, that they cannot be 

attered in breach, until the enemy has made himſelf maſter of this work 4 
an 
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and when he has it, he will meet with difficulties enough in finding earth 
to cover himſelf and erect his batteries; and muſt therefore be at a con- 
fiderable trouble in bringing it from beyond the foſs, while he is ex- 
poſed to the fire of the faces of the neighbouring ravelins ; which, with 
the flanks of the baſtions, are the defences of the counterguard. 


132. Of the Tenaillon. 


A TENAILLON is a work compoſed of a ravelin and two detached 
works called lunettes, which partly or wholly cover the faces of the ra- 
velin from an enemy's direct fire, 

When the detached works cover only the lower part of the faces of 
the ravelin, they are called /mall lunettes : but when they cover the whole 


faces, they are called great lunettes, and this is the work which is here 
meant by the word tenaillon. 


13} 2 conflrut a Tenaillon. Plate XVI. Fig. 19. 


Having deſcribed the ravelin and its foſs, the counterſcarp of which is 
rt; in the face ef continued take ? equal to about 60 yards, and on 
the counterſcarp of the grand foſs take r 5 equal to 25 or 50 yards; then 
drawing 5 v, the figure rg is the great lunette ; to which a rampart, 
parapet, and ramps are to be annexed againſt its faces f v, and branches 
vs, of the ſame kind with thoſe in the ravelin. 

134. A great lunette may be conſiderably ſtrengthened by making 
acroſs its middle, at A, a retrenchment, conſiſting of a rampart, parapet, 
and a foſs about fix or eight yards broad; and ſeven or eight feet deep; 
the parapet being drawn at right angles to the counterſcarp of the ravelin 
againſt the middle of its face; and the ditch of the retrenchment com- 
municating with that of the ravelin. 

A. tenaillon is a work capable of affording great defence to the be- 
ſiegers, as was evident at the ſiege of Liſſe in 1708, where the be- 


fiegers were twice or thrice driven out of a tenaillon they had taken 
and retaken, 


135. | Of a Hern-work. 


A HoRN-Wokk is a fortification compoſed of two long ſides, called 
branches, tending towards the town, and of a front formed by a curtin 
between two half-baſtions. 


This work, when uſed, is ſometimes put before a baſtion, but oftener 
againſt a curtin. 


136. To confiru a Horn-work before a curtin. Plate XVI. Fig. 20. 


In a line drawn from o, the angle of the counterſcarp, at right angles. 
to the curtin, take oc equal to about 250 or 260 yards; through c draw 
AA at right angles to oc, and make CA, CA, each equal to half oc, ſo 
AA is equal oc. 4 TE 12 | 


Take 
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Take the normal cp equal to 3 of AA, through p draw the lines of 
defence Ai; make the faces AB equal to + Ap; transfer the diſtance pn 
from 8 to I the line of defence, draw the flanks. BI and curtin 11, and 
| draw the branches aq towards ſome point in the face of the baſtion, 
about 8 or 10 yards from the angle of the ſhoulder. | | 

Againſt the faces, flanks, curtin,. and branches, put a rampart and 
parapet as in the ravelins ; make a foſs of 24 yards in breadth before the 
Banked angles A, the counterſcarp of the foſs in the front being direct- 
ed towards B, the angle of the ſhoulder, and the reſt drawn parallel to 
the branches. AY | | 

A ſmall ravelin is uſually put before the curtin of a horn-work, for 
the ſame uſes as that before the curtin of the town. Make the capital 
CP about 60 yards, draw the faces as in the large ravelins, and make a 
ſoſs about 15 or 16 yards wide, the counterſcarp of whieh is parallel to 
the ſaces of the ravelin, which are to be ſurniſhed with a rampart and 

arapet. 15 
- 137. Retrenchments are ſometimes made in the horn-work, as in the 
great lunette, and for the fame reaſon, namely, to increaſe the difficul- 
ties of an enemy ina ſiege. 5 . 3 
Alſo a ravelin with its foſs is made before the curtin of the town, in- 
dependent of the horn - work, which it commands. | 
138. There is another work, called a Crown-work, the front of which 
conhits of a whole baftion, two half-baſtions, and two curtins, and is 
bounded on the ſides by two long branches directed towards the town. 
This work is like two horn-works connected together, by their branches 
being put ſide to fide. . | 

Horn-tworks and Crown-wyrks have been chiefly uſed to incloſe ſome 

rifing or hollow ground, or a ſuburb ; but are now in general diſeſteem, 


on account that their defence is very ſmall in proportion to their coſt, a a 


circumſtance by which all works ſhould be partly rated. 

- There are ſeveral other works called out-works, which may be found 
in the treatiſes written on Fortification, but are here omitted on account 
of the intended brevity of this work. = 


139. | Of the Covered-way and Glacis. 


When all the intended outworks are annexed to the plan, and the ſe- 
veral foſſes are drawn, communicating one with another, the covered 
way and glacis are to be drawn parallel to the counterſcarps of the foſles; 
and a foot-bank is to range quite round the covered way, at the foot 
of its parapet. The top of this foot->ank ſhould be at leaſt four feet 
broad, that there may be convenient room left for the troops to ſtand 
on, after the paliſades are planted, a row of them being always to run 
quite round the covered way. The manner of ſetting them, as recom- 


mended by tbe moſt celebrated engineers, and particularly by the great 


marſhal Yazban, one of the moſt experienced men in military works 
that ever lived, is to put the paliſades on the upper foot-vank about a 
foot diſtant from the foot of the parapet, ſunk in the ground at leaſt 
three feet, and their top on a level with the head or creſt ot the glacis. 
2 Is ; Paliſades 


1. 
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' Paliſades thus placed are not expoſed to the cannon of the. beſiegers ; 
the moſt they can do will be only to bruſh their points; neither can 
they be eaſily jumped over by the troops commanded to the attack of the 
covered way, nor readily cut down ; and their diſtance from the parapet 
leaves a ſpace ſufficient for men to go along to repair any diſorder, 


140. 5 Of Places of Arms, 


Places of ARMS in the covered-way are ſpaces made at the entering 
and ſaliant angles, conſiderably larger than the ſtreet of the covered- 
way, and formed by turning the head of the glacis into two faces pro- 
jecting towards the country ;; thoſe at the ſaliant angles are formed by 
the roundings of the counterſcarp; but thoſe at the entering angles are 
thus conſtructed. Plate XVI. fig. 3. 
In the head of the glacis take the gorges co, co, from 20 to 30 yards ; 
draw the faces or, ot, ſo that the angles f 0 @ be between go and 100 
degrees; and parallel to thoſe faces draw a glacis of about 50 yards. 

be faces of of the entering places of arms ſhould not make angles 
greater than 100 degrees with the branches of the covered-way o a, becauſe 
thoſe branches could not then be defended ſo well by the muſketry, as 
when their ſhot was delivered direCtiy along the glacis, nearly parallel 
to the branches, which can'only be done when the defences are nearly 
at right angles to the places defended. | 

Some writers have adviſed to round all the ſaliant angles of the places 
of arms, becauſe thoſe angles could then be deſended by more men: 
perhaps there might be ſome advantage in notching the faces ſomewhat 
like a redan, as mentioned at article 69. | ; 

141. The great Coehorn was fo conſcious of the advantage of places 
of arms at the entring angles for the defence of the covered-way, that he 
was very particular in their. defcription, and took ſuch care in the con- 
ſtruction of thoſe at Ber gen-op-Zoom, that they very well anſwered his 
deſign, as was evident in the famous fiege of this place in the year 1747. 


Coehorn's Places of Arms may be thus imitated, 
Plate XVI. fig. 21. where the work is on a larger ſcale, to be plainer. | 


Take the gorges a b, a6, about 45 yards, and the faces hc, bc, about 
80 or 60 yards. At 10 yards diſtance from the faces, draw the f lu- 
nette A, With a ditch before its faces, both together being about ten or 
twelve yards broad, its ends being terminated by the line ab, © Within 
this, at about 10 yards diſtance draw a ſecond lunette s of about five. 
yards broad, its ends ſtretching abqut half-way the breadth of the co- 
vered-way. Behind the ends of each lunette, at the diſtance of two or 
three yards, put a traverſe of about five yards thick, teaching from the 
counterſcarp about two or three yards farther than the ends of the lu- 
nette. And about the angle of the counterſcatp make a ſkreen of about 
ſix yards in each face and gorge ; which ffreen is to be of brick wor 
with loop-holes for the muſketry, to favour the retreat of the defendants 
hen driven from their works in this well-contrived place of arms. 


142. Of 
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242. _ | Of Traverſe in the Covered-way, 


When the beſiegers have puſhed on their approaches ſo far, as to be 
within 30 or 40 yards of the head of the glacis, it will be in their power 
to rake the covered-way from ſome of their batteries; to prevent which, 
and alfo to ſhelter the troops in ſome meaſure from the ricochet or re- 
bounding ſhot, traverſes are thrown acroſs the covered way, particular- 
ly on each fide of every place of arms, and in every branch of the co- 
vered-way where the length of that branch exceeds 50 or 60 yards. 

Each traverſe is furniſhed with a foot-bank, and a row of paliſades 
planted on the foot-bank'; and the paſſage round its end ſhould be fur- 
niſhed with klinkets or doors, to ſhut it up when neceſſary. 


143 · ; Of Sally-way 5 | 

In the middle of ſome faces of the entering places of arms a fally- 
way is made, which is a paſſage cut through the parapet, or head of the 
glacis, to facilitate the ſallies of the beſieged. To make fally-ways in 
the places of arms ſaliant would be improper ; becauſe as thoſe places 
are the moſt convenient to be firſt attacked, they ſhould not by any means 
be weakened. | | 

Theſe * are cut oblique to the faces of the places of arms, and 
wind towards the ſaliant angle in ſuch a manner, as not to be eaſily en- 
filaded or raked; they riſe gradually from the foot of the parapet, until 
they meet the ſlope of the glacis, at the diſtance of ſeven or eight yards 
from its head. . The roads to the town commonly paſs through theſe 
fally-ways ; every one of which ſhould be furniſhed with a good barrier, 
to ſhut up againſt ſurprizes and ſudden attacks. | 


144. C/ Communication. 


Every detached work in a fortification ſhould have a ready and free 
— preſerved, otherwiſe they might be diſadvantageous to 
the place. | 8 

— munications are preſerved in various other ways than by bridges, 
which are liable to be deſtroyed by the enemy's cannon. In dry ſoſſes it 
is thus : . | 

From the town to the tenail, by a ſubterrancous way under the rampart 
in the middle of the curtin into the foſs, and riſing thence by ramps or 

ſtairs into the tenail : from the tenail by a ſubterraneous way into the 
caponier, and thence to the ravelin, either by ramps, ſtairs, or a timber 
ſtage: from the ravelin to the works beyond, the communication is kept 
in like manner ; or ſometimes a way is ſunk acroſs a ditch, and covered 
with a parapet next the enemy; and the way from the foſs to the places 

of arms is alſo by ſtairs, or by a timber ſtage. - 5 
|  Orer wet ditches the troops are conveyed by boats, or rafts, or by 
little bridges about three feet wide lying nearly level with the water's 
edge; but the latter are inconvenient in the night, and much more fo 

when the defendants are obliged to quit the work precipitately. 
In the gorges of tavelins and other outworks, a ſpace or paſſage five 
or fix feet wide is left between the counterſcarp and the end of the ram- 
part, which ſerves for the communication between that work and the 
covered-way | | 

When 
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When wet ſoſſes are to be repreſented in plans, it is done by giving 
them a tint with diſtilled verdigriſe along the borders of their ſcarps and 
counterſcarps ; but in printed plans it is expreſſed as in the ditch of the 
ravelin at fig. 15; and dry ditches are ſhewn in coloured plans by wafſh- 
ing the ſaid borders with a tint of brown biſter; but in prints dry foſſes 
are expreſſed as in the ditch of the ravelin at fig. 14: And a cuvet is re- 
preſented by a double line drawn along the middle of the foſs, as againſt 
the front Bs of the polygon. | 


1 Of WWarks beyond the Glacis. 


Sometimes, when earth is wanting to raiſe the ſeveral works to their 
proper height, or when the defence is to be increaſed, a foſs abut 20 or 
25 yards broad is ſunk at the foot of the glacis, encompaſſing either 
the whole or ſome convenient part of it. But then it is proper — the 
glacis ſhould flope quite to the bottom of this foſs, if it is a dry one, or 
a wet one which can be drained ; for otherwiſe, when the enemy comes 
to be poſſeſſed of it, he would find a trench ready dug to ſkreen him 
from the fice of the covered-way, and other places. 

To this advanced fofs is uſually annexed, when it can be, a covered- 


way and placis ; and there are not wanting fortifications, which have 


three covered-ways and glaciſes one beſore the other. | 
145. Before ſome of the ſaliant angles of the glacis there are ſome- 


times conſtructed a kind of work, called a lunet, or by ſome an arrow. 


It conſiſts only of a parapet and foot- bank forming two faces, makin 
a ſaliant angle, the legs of which are parallel to the head of the glacis, 
through the ridge of which runs a narrow paſſage to the lunet. 

147. Sometimes works called redoubts are conſtructed before the ſa- 
liant angles; ſome of theſe works have foſſes, covered-way and placis ; 
others are made to depend on their own defence; but to all theſe de- 
tached works a proper communication muſt be preſerved with the co- 
vered-way, and in ſuch a manner as not eaſily to be cut off. When 
this paſſage is two or three times as long as the glacis is broad, the paſ- 
ſage ſhould have one or more traverſes acroſs it, to prevent its bein 
raked; alſo, on either ſide, it ſhould be covered by a parapet and kal 
glacis. | | 


2468. | Of Profiles. 


The PRoriL E of a work is a figure expreſſing the ſeveral heights, 
depths, and breadths of that work. | * 
The profiles of works are regulated according to their uſe, and alſe 
according to the quality of the materials with which thoſe works are to 
be made, 9 
Thus the ramparts of the town are ever thicker than thoſe of out- 
works; the breadth of the parapet only remains nearly the ſame in moſt 
works: beſides, a rampart made of good firm earth, need not be fo thick 
as one made of looſe and ſandy materials; from 20 to 24 yards will do 
in the former caſe; but leſs than 25 or 30 yards will not ſuffice with 


Poor earth. 


Profiles 


» 
z . ; 
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Profiles are alſo regulated with regard to the expence intended to be 
beſtowed on the works; that is, according to the outſide coating or 
walling of the rampart and parapet, namely, whether it be done with 
earth or intire maſonry, or half one and half the other. 

149. When a work of earth is raiſed, and the ſurface is covered or 
plaĩſtered with a tenacious ſubſtance made of well tempered earth or 
loam, this coating or plailtering is called placcage or cruſting. 

And when the ſurface is covered with graſs-turf, or, as it is moſt 
common, with clods of fat mould cut in the form of wedges, and call- 
ed gazons or ſods, this kind of coating is called gazonage or ſedding. 

150. When the whole front of a work, from the bottom of the foſs 
to the crown of the parapet, is covered or fronted with a wall of ſtone 
or brick, this kind of work is called entire maſonry. e 

151. When the front of the rampart, from the bottom of the foſs to 
the horizontal line, or ground level, or a little higher, is fronted with 
a wall of brick or ſtone, and the remaining part of the front is coated 
with earth, the work is called balf maſonry. * 


. Conftruftian of Profiles. 
152. When the works are coated with earth. Plate XVI. fig. 22. 


Let Anh repreſent the horizontal, or ground line, taken through the 


face of a baſtion, and acroſs the fofs, and through the covered- way and 
glacis : in this line take the following meaſures ; namely, 

Ak rg or 4 yards; R c=10 yards; cd=b feet; de I feet; 2 
18 or 20 feet: ga=12 or 14 feet; a Hg feet; H I=12 feet; Im 
breadth of the fols ; m L=12 feet; LM=5 yards; Mp=74 feet; p Q= 

50 yards. | | 

" _ Through the points R, c, d. e, g, l. n, M, p, draw lines perpendicular 
to AQ. | 

In theſe lines take x B or 4 yards c c=RB +2 feet; dE=e c+15 
feet; e Fd E41 feet; g G=c F—23 feet; [1=18 feet; KI 
feet; Mo=2 feet; pr=8 feet. 8 

Draw the lines AR, BC, EF, FG, Ga, Hl, KL, Le, PQ. Then draw 
ED parallel to AB, and equal to 3 feet, and draw pc; alſo diſpoſe of 
the ſpace between o and v, in like manner as between c and p. 

Then will the ſeveral parts of the proſile be completed, and repre- 
ſented ; namely, Ba the inner, and Ga the outſide, flopes of the ram- 
part, to which Bc is the walk; FE the inſide, and vo the crown of the 
parapet ; p the ſlope, and vE the top of the foot-bank ; aH the berm 
or foreland; H the ſcarp KL the counterſcarp, and ix the bottom of the 
ditch; LM the covered-way; o the ſlope, and no the top, of the 
.foot-bank ; or the inſide of the parapet, and Pq the ſlope of the glacis. 
I be paliſades & are put on the top No of the foot-bank. * 

153. In ramparts coated with earth it is uſual to ſet a row of paliſades 
in the front of the rampart, as at H, about five or ſix feet below the crown 
of the parapet. Theſe are not planted upright, but nearly horizontal, 
the point dripping a little below the level; and this work, which is call- 
ed fraiſing or ſiaccage, is done to prevent ſurpiizes by ſcaling, and alſo 


to hinder deſertions. 


154. In 
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154. In moſt ramparts coated with earth, whether of the town or 
dut-works, it is yſual to plant on the berm, either a row of upright pal- 
lifades, as at J, or a quick-ſet hedge of thorn, which ſhould be kept con- 
ſtantly cut, to make it grow thick: either of theſe methods ſerves to cover 
the troops in going their rounds. Sometimes both palliſades and hedge 
are uſed, the hedge ſtanding foremoſt. 

The ſaliant angles of all earth works ſhould be rounded off; otherwiſe 


the weather would ſoon deſtroy the angular edges, and make them look 
worſe than the other parts. 


155, Il hen the coating of the work is entire maſonry, Fig. 23. 


Having determined all the parts through the rampart to the line Gg. 
as at art. 152; in Gg take G1==3 or 4 feet, for the upright face of the 
parapet; on 1, with the radius of one ſoot, deſcribe a ſemicircle repre- 
ſenting the cordon, which is a large ſemicircular moulding that ranges 
along the whole front; take gr equal to 18 feet, and draw 7c 5t parallel 
to the ground line, and this repreſents the bottom of the foſs. Take rc 
and its parallel 1a, each equal to 5 feet; draw the ſcarp 1c, and draw ab 
parallel to G g, which continue to about 6 feet below rc, and this line 
repreſents the back of the wall; through & draw a line bd m parallel to 
the ground line, and this repreſents the bottom line of the foundations, 
which is uſually about $6 feet below the bottoms of the fofles though in 
ſome caſes it muſt be more; and let the foundation line 5 d project about 
2 feet before the ſcarp line 1c. Draw a line about 3 feet behind the front 
line of the parapet 61, parallel to it, which will repreſent the thickneſs 
of che front wall of the parapet ; to which mult be annexed, at 6, a. 
little projection, of about 6 inches in ſally and height, to. expreſs the 
coving ſtone; and the outlines of the profile of the rampart will be 
completed. 

156. From the directions already given it will be eaſy to conceive 
how to regulate the profiles of out works, whether they are to be fronted 
with turf or maſonry ; and according to art. 155, where the other pro- 
files of the maſonry annexed in the figures 24 and 25; that of 24 bein 
a tenail before the curtin, of which no more than the parapet riſes above 
the ground level; and conſequently the walls to ſupport this work need 
not be ſo thick as thoſe are, which fuſtain the lateral thruſt of higher 
banks; and for the ſame reaſon, the counterſcarp walls are of a leſs 
ſtrength. In the ravelin, fig. 25, the front is balf maſonry, or the wall - 
ing is carried up to the ground level, and the front of the rampart and 
parapet is ſuppoſed to be coated with earth; but the walling in this cyſq 
ſhould project about 2 or 3 feet below the foot of the rampart, in orde 
to preſerve a proper berm. | h | | | Fs 

157. The walks of all ramparts, and alſo the covered-way, ſhould flop: 
back wards, in order to carry of the rain; this ſloping may be about half 
an inch, or an inch in a ſoot, | | : 

158. The ſcarping uſually given to garth facings is about 8 inches 
on 12, or the baſ: of the flope is 5 of the height ; and the ſcarpings ge- 
nerally allowed to fronts of mafonry is about g or 4 of its height; and 
with regard to the thickneſs of the walls, Me. Vauban uſually allowed 


about 5 feet at top, and gradually thickened towards the bottom by their 
Vor Il, a ut © Tcapp= 
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ſcarping of 1 foot in 5 of height; and this profile he has experimented 
in the works of 150 towns, where he has directed the building of more 
than 4900000 of cubic yards of walling. But in order to add a greater 
ſ{trenvth to his walls he places buttreſſes, built of rough ſtone at diſtances 
of 18 feet from one another on the inſide. Theſe buttreſſes are in length 
about the thickneſs of the wall at the bottom, and their breadth on a 
mean, about halt their length; and they are carried up as high as the cor- 
don, which greatly contributed to take off the thruſt of the bank againſt 
the wall. | 

159. At the flanked angles of baſtions, and other works, the parapet 
ſhould rife about a foot or. two higher for about 12 or 14 yards on either 
ſide the angle, than along the reſt of the faces, and the ſame ſhquld be 
obſerved for.about 4 or 5 yards on each fide of the more expoſed ſaliant 
angles of the covered-way : for by theſe means, the troops ranged along 
thoſe faces will be ſome what better defended from the ricochet, or bound- 


ing ſhot, 
160. Of Irregular Fortifications. 


When a town or other place is to be fortified, it generally happens 
that the polygon which beſt circumſcribes its plan will be very irregular, 
and conſequently the fortifying of that polygon will not fall under the 
rules already given for regular fortification: it is therefore proper to point 
out to a learner how he may proceed on ſuch occaſions. | 

161. Let the plan of the place be circumſcribed, if poſſible, by a po- 
Iygon, the angles of which are all ſaliant, none leſs than Go degrees, nor 
much greater than 120 and neither of the ſides leſs than 200 yards, nor 
greater than 350. This polygon, which is to be the interior one, ſhould 
have its ſides not leſs diſtant from the houſes than 50 yards; and the 
fortification is to be made from the interior ſide. 

Through every angle of the polygon draw a line biſeCting it; and on 


theſe lines, continued without the polygon, lay from the angular points 
the capitals, (in the table, art. 86) of thoſe polygons, the angles of which 


are neareſt to the angles in the given irregular polygon. Alſo on each 
ſide of the capital, from the ſaid angles, lay the demigorges, corre- 
ſponding to the capitals uſed, on the ſides of the polygon. 

Then the lines of defence being drawn, and the correſponding faces 
laid on them, the ma/ter-line of the fortification to the given irregular 
polygon may be readily completed (as in art. 91); to which the rampart, 
foſs, and proper outworks, may be annexed, as before ſhewn. 

162. In circumſcribing the given place with a polygon proper to it, if it 
ſhould ſo happen, that the ſides, when drawn at the diſtance of 50 yards 
from the houſes, make a polygon very different from that above directed; 
then muſt the poſitions and lengths of all thoſe lines, or of ſome of 
them, be changed, and various ways tried, when the ſituation will admit 
of thoſe various trials, until one is hit upon which will ſuit the place and 
come near the foreſaid limits, which may be done by encloſing a larger 


ſpace and permitting the ſides pf the polygon to run farther from the 


houſes in ſome places than 50 yards, And although by theſe means the 
fortification will be more extended, and thereby occaſion a greater ex · 
pence both in building and defending; yet as by its nearer approach to 
regularity, it will be:ttzonger in itſelf, and more effectually anſwer _ 
Y 2 | en 
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end of fortifying, the latter conſiderations may, on ſome accounts, be 
preferred to the former. | | 
163. It ſhould be obſerved, that regularity is not confined ſtrictly to 
ſuch polygons only as can be circumſcribed by a circle, or nearly ſo; for 
a polygon inſcribed in an oval kind of figure will have a great regulari- 
ty, and may be made almoſt equally ſtrong, by putting the ſtronger 
kind of outworks at the narrow ends. For as theſe ends, on account of 
their ſmall breadth in proportion to the longer ſides, cannot flank the 
approaches of an enemy ſo well as the longer fides, and as the enemy is 
not under a neceſſity Menne his works ſo much; conſequently the 
ſmaller ends may be more advantageouſly attacked, and therefore ſhould 
have their out works ſtronger. | | 
164. If the ſituation is ſuch, that one or more of the ſides of the cir- 
cumſcribing polygon cannot by any eaſy means be made Jeſs than 400 
yards or more; then ſuch ſides ſhould be divided into parts of fome num- 
ber of yards, between 2co and 350, as many as its length will admit of, 
which may then be conſidered as compoſed of ſo may polygonal fides. 
At every diviſion, make ſuch a baſtion as the limits will admit, taking 
care that the faces of each are commanded by the adjacent flanks of the 
next baſtions. 5 Tek: | 
165. When any of the angles become too acute to make in that place 
a whole baſtion, the angle may be diminiſhed only on one ſide, making 
there a half baſtion, and let the other fide be either left as one line, oi 
make two or three fmall flanks in it, in the nature of aredan (71); ob- 
ſerving that the whole front is commanded by the flank of the next baſ. 
tion. Or ſhould the angle be too ſmall eren for a half baſtion, then 
both ſides may be fortified in the manner cf redans, and commanded 
from the flanks of the next baſtions; but in the caſe of theſe acute angles 
the angular point ſhould be made very ſolid, and the ſides about ſuch an- 
gle ſhorter than the others, $59: x | 
166. Should the polygon have one or more entering angles, which can- 
not be avoided ; when that angle is near go degrees, and the adjacent 
fides do not each exceed 250 yards, thoſe ſides, with the aſſiſtance of the 
flanks of the next baſtions, will very well defend one another, and alſo 
the entering angle. But ſhould the angle exceed 120 degrees, then put 
againſt that angle a work like a baſtion, if it can be; or if there is not 
room for the projection of the flanked angle, make but one face, obſerv- 
ing that it be raked from one of the adjacent flanks. | 
167. A town that has been fortified in the ancient manner, and has 
already a good rampart and foſs, may be put into a good ſtate of defence 
ee, the modern methods of attack by adding outwor ks ſo diſpoſed, as 
to cover the town wall, be mutually defended by one another, and com- 
manded from the ramparts of the town. Such a place, with the out- 
works judiciouſly diſpoſed, may hold out as many days as a place formed 
on a regular plan; which has been evinced from the good defence made 
by ſeveral towns fortified in this manner. 


168. There is a multitude of other things that might be ſaid on the 
buſineſs of irregular fortification, which, on account of the deſigned bre- 
vity of this, tract, muſt be omitted: but after all, the beſt notions are ac- 
quired in theſe matters from ſtudying the plans of the fortified towns in. 
ſeveral parts of the world. Collections of theſe plans may be met with 
at moſt print ſhops, | | 
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Of the kinds and properties of Harbours. 


169, A HARBOUR or PoRT is an opening or inlet into the land, 
which the ſea runs into with a depth of water ſufficient to float ſhips, 
and where ſuch veſſels may lie ſecure from tempelts and the ſea. 

As harbours may be of very different forms, ſo there may be a multi- 
tude of ways propoſed for their defence; but here the buſineſs will be 
confined to a few of the more common ſituations. | | 

Harbours in general may be diſtinguiſhed into two kinds, namely, 
artificial and natural, 

170. Artificial harbours are ſuch inlets of the coaſt, as are rendered 
ſafe for ſhipping to ride there by building about its entrance certain 
works called Mol Es or PI ERS, which defend the ſhips within from the 
ſurges of the ſea without: when the moles or piers can be brought ſo cloſe, 
as to be ſhut up by /uices or gates, the harbour is then called a Basox : 
but the inner part of a harbour, where the ſhips ride in ſtil} water, is 
uſually called the baſon. | 

All artificial ports of theſe kinds are eaſily fortified by building on the 
moles or piers batteries, redoubts, or forts, which command the entrance 
into the harbour: but as theſe works are uſually done at the time when 
the moles are made, there need be no more faid of them in this work, 

171. Natural harbours are thoſe where the natural figure of the Jand 

forming them is ſuch, as contributes to the ſafety of the ſhipping 

by ſheltering the veſſels from the fury of the ſea; and this happens in 
various manners, as by a ſhoal lying off the harbour's entrance, which 
breaks the waves, and keeps the water ſtil! within; or by the points of 
land which form the harbour's mouth, ſtretching themſelves ſo far into 
the ſea, and coming ſo near to one another, that the ſurges are broken at 
their entrance ; or by a narrow inlet that runs into the land for a conſide- 
rable way, where the ſhores near the entrance' receive the ſhock of the 
waves, and render the upper parts ſmooth enough to anchor in, of which 
kind are navigable rivers; or by a large deep bay, where iflands, or 
other obſtructions, contribute to render a part ſecure for the riding of 
ſhips at anchor, &c. &r. | 
172. The properties of a good harbour are, a ſufficient depth of water 
fer large ſhips to enter at any time, whether the tide be in or out; good 
offing, and an eaſy acceſs out of all danger from the winds ; free en- 
trance, without rock or fand-bank; the entrance not too wide to be eaſily 
barred and defended upon occaſion; not ſubject to overflow, and where 
ſhips may lay cloſe to the keys; where the veſſels are ſheltered from all 
winds by the high mountains ſurrounding the harbour, and from whick 
there is an extended view of the fea; laſtly, that the ſhipping there be in 
no danger of being ſet on fire, bombarded or cannonaded from ſea by 
"the ſhips of an enemy. | : | 
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173. There are many places in which ſhips anchor, that lie open to 
the ſea, and are ſafe to ride in, only when the weather is calm, or when 
particular winds blow; ſuch anchoring places are called roads, 


SECTION I. 
Of the fortifying of Roads and Harbours. 


174. FirsT SoRT. hen @ town lies open to the ſea upon a curved or 
frraight bold ſhore, aud has before it a ſufficient depth of water and good anc he- 
rage, within gun-ſhot of the ſhore: As ſuch places can afford ſhelter for 
ſhipping, only at certain times of the year, when they are generally fure 
to have calm weather, or gentle pales, in which veſſels may ſafely ride 
at anchor, they cannot ſo well be ſecured from the attack of an enemy, 
as places more incloſed. However, the ſhipping lying there during the 
ſeaſon of trade, may be well defended by forts built near the water's edge 
on each ſide of the anchoring place ; ſuch forts being fo contrived as to 
have two or three batteries, one higher than the other, furniſhed with 
many cannon, carrying ſhot from 24 to 48 pounds, will awe the ſhips of 
an enemy in general from undertaking any thing againſt the veſlels, 
that are lying in that road. 

175. But in order to defend the town itſelf, there ſhould be a rampart 
or wall, well flanked, built along the ſhore, beſide the fortifications on 
the land fide. The works along the ſhore ſhould be carried fo near to 
the water's edge, that were any troops to land under the cannon of a 
fleet, they might not ſind any ground to entrench themſelves on. 

176. Forts built on a bold ſhore, to which ſhips of war can come 
within muſket-ſhot, are in general liable to be eaſily taken, unleſs ſome 
precautions are uſed. For as the batteries on ſhore are ſeldom raiſed 
much above the water's level, in order to be more certain of their mark; 
the troops poſted at the guns are liable to be commanded by the marines 
quartered in the round-tops, and other elevated parts of the ſhips. How- 
ever, this may be prevented, either by driving ſeveral rows of piles 
(which are long pieces of timber, or the bodies of trees, pointed, and 
ſhod with iron at one end when neceſſary) in the water before the fort; or 
by fixing along the battery a kind of /bed made with planks of muſket- 
proof, and covered with raw hides or earth, that they may not be ſet on 
fire by combuſtibles thrown from the ſhips. Theſe ſheds are conve- 
nient not only to preſerve the troops poſted at the guns from muſket- 
ſhot, during the time of an attack; but they would alſo preſerve the 
cannon and carriages from the weather at all times: for the expence of 
a ſe rough planks, uſed now and then to repair ſuch ſheds, added to the 
firft coſt, might perhaps, in a length of time, be found of leſs expence 
than the gun carriages they would preſerve; and ſhould: it turn out 
otherwiſe, the framing and planks might be prepared in time of peace, 
and ſet up only when there are apprehenſions of an attack; but care 
ſhould be taken to fix them ſo, as to be leaſt expoſed to the cannon from 
the ſhips.” In ſuch theds, as they would be open behind, the ſmoke 


wouldbe ſoon diſſipated, and * be ſooner thrown off by making 
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plank raifed before them. 

177 SECOND SORT. hen à harbour, being a bay, has a ſboal or ſmall 
i and laying before its entrance: Such a place is fortified by building a 
ſtrong fort on the iſland, in a place where it can command the entrance, 
on both ſides, when the ſize of this iſland is not too large for this pur- 
poſe. But when the mouth of the barbour, and the extent of the iſland, 


boles in the ſhed over every gun; which holes may be covered by a ſhort 


is too large for one fort on the iſland to guard the entrance, then two 


mand the avenues to the bay. - 

178. Beſide the forts raiſed on ſuch an ifland or ſhoal before a har. 
bour's entrance; there ſhould be others raiſed on the moſt convenient 
points of land ſotming the mouth of the bay; which will make the de- 
fence of the paſſage more ſecure, ſhould the ſhip's of an enemy pals the 
advanced defence. . 5 

179. When forts are thus built, it is not enough to contrive them in 
ſuch a manner, that their batteries may annoy the ſhipping which at- 
tempt a'forcible paſſage ; but they ſhould be alſo carefully fortified to 
reſiſt attempts from an enemy aſhore: for ſhould this be neglected, a 
body of marines, or ſeamen, landing on the ifland or place where the 
battery or fort is. would fruſtrate the intention of ſuch fortifications or 
defences ; of which there are many inſtances to be met with in hiſtory. 

180. As there” may be ſeveral ſpots or points proper to erect the de- 
fences on, and which may command the entrance of the harbour in the 
manner deſcribed above, it is of importance to know which will have 
moſt advantages, and feweſt diſadvantages; for both circumſtances are 
to be brought into the account, and that choſen which has moſt of the 
former and fewelt of the latter. Thus, the ſoil ſhould be the firmeſt, 
and moſt capable to bear the cannon and building to be ereted— The 
ground of a height ſufficient to be out of the reach of tides and floods, 
and not much higher than is barely neceſſary to avoid thoſe inconve- 
niencies; ſor the cannon commands beſt when near the water's level 
The place ſhould be difficult ſor an enemy to land in its neighbourhood; 
and it landed. where they may be moſt incommoded in their march to 
the ſort — where ſuecours may eaſily approach - where the troops on duty 
may without much trouble obtain the neceſſaries of life and where 
there are the ſeweſt noxious exhalations. Roch, 1 

When the moſt convenient place for a ſort or battery is choſen, the 
next thing to conſider, is whether the work is to be temporary or perpe- 
tual; that is, whether the work is to ſerve only for a prelent emergency, 
or to be kept in repair under a probability of its being frequently at- 
tacked; and whether the work be temporary or perpetual, it is neceſſary 


or more torts ſhould be raiſed in the molt commodious places that com- 


that it be ſuited ro the materials at hand, or that can be procured with the 


Jeaſt trouble and expence. 

181. It may frequently happen, that in ſuch ſituations the paſſage 
between the iſland and main is rather too wide for cannon to com- 
mand acroſs; therefore, if the place is of ſufficient importance, there 


may be many ways contrived to remedy this deſect. when it is poſſible . 
to 'be avoiced. The beſt are thoſe which oblige ſhipping to keep in 
one tract or channel; and when this can be accompliſhed, either 


by ſinking c1d ſhipping, running out moles, or coutriving to form 
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ſand banks or ſhoals, or by any other means that the ſituation of the place 
can furnith ; forts alſo or batteries may be advanced fo far into the water, 
as to command that channel; or if the paſſage cannot be reduced to 
leſs than two channels, then a fort ſhould be erected, if poſlible, be- 
tween them. : | 

182. In the building of theſe works great care ſhould be taken, that 
the foundations are laid ſufficiently firm to ſupport the ſuperſtructure ; 
and as theſe places are generally low, either in marſhy or ſandy ſituations, 
a great number of piles ſhould be diiven into the ſoil to the depth of 10, 
20, 30, or more feet, according as they drive with more or leſs difficulty, 
If a quantity of ſuch piles be driven, at the diftance of 12 or 18 inches 
from one another over the place intended for the foundation, and the 
tops of them be cut level ſome feet below the ſurface, a floor of timber 
may be laid over the tops of the piles, and the building raiſed on it. 


183. Tyird SorT. hen the harbour is in a bay, and the points which 


form the entrance flretth into the ſea, and approach one another within cannon- 
ſhot : Such a harbour is fortified by building on both fides of its entrance 
one or more forts; and if it is poſſible, let a fort be alfo built within the 
harbour's mouth, in ſuch a manner, that its cannon can rake the ſhip- 
ping fore and aft as they come in; for this would be a good reſerve, 
ſhould an enemy's fleet force their way between the forts which com- 
mand the entrance. If there is no proper ſpot for ſuch a fort, let others 
be erected on the moſt convenient points, that command the turning to 
the right and left within the mouth of the bay; for by theſe means an 
enemy will be obliged to endure a kind of running fire, which, if the 
| forts be well conſtructed, he will ſcarcely be able to ſuſtain. oy 


184. FouR TH SORT. When a harbour is formed by a cluſter of iſlands : 


Snch a harbour is not difficult to fortify, when the channel between the 
iſlands is not too wide for the command of cannon from one or both 


thores, the directions how to place the forts in the foregoing caſes 


being equally applicable to this And in places where the channel 
is more than cannon-ſhot from either ſhore, the ſhipping that can ride 
there, muſt depend upon the batteries aſhore, as in the firſt caſe, when 
the ſhore is bold enough for the ſhips to run under the cannon. | 
185. FI TH SoRT. Ihen the harbour lies in an inlet or river ſame miles 
abode its mouth. If the paſſage to the port lies ſtraight, and can be com- 
manded from fide to ſide, a 2 built at each point of the entrance, and 
two others between them and the harbour, but not oppoſite to one an- 
other unleſs the width of the channel requires it, will in moſt caſes be a 
proper ſecurity for the ſhipping in ſuch a harbour. And when the 
channel or riyer is winding, the forts ſhould be built where they can 
command a reach at leaſt; or be fo placed at the bends, as to command 
two adjacent reaches; for as veſſels mult tack near the forts ſo placed, 
they will at thoſe times be more under the command of the batteries, 
then they would. be when failing by them on a direct courſe. | 
In the directions for placing forts in this, and the other caſes, there 
bas been no mention of the figure, in which it would be moſt proper.to 
conſtruct them; for the engineer, who has the charge of ſuch works, 
generally does, or ſhould take care' to adapt the figure to the ſpot; but 
for the ſake of the mariner, it was judged proper to point out the methods 
uſually taken on ſuch occaſions, . : 
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186. Of the figure and ſize of Forts, 


Beſide the forts deſcribed as redoubts (art. 68, 70), there are many 

others, ſuch as ſquares, pentagons, hexagons, or the halves of theſe 
figures, which are fortified with entire baſtions, by nearly the ſame 
kinds of conſtructions, as are the polygons in the table, art. 893 only 
the meaſures of the exterior ſide, normal, and face, are much leſs than 
thoſe for a town, and uſually near the following numbers, 
Make the fide or front about 180 yards; the normal one ſeventh, or 
one ſixth of the fide; aud the face about twice the normal, or a little leſs; 
with a ditch, if neceſſary, about 20 yards broad; a rampart broad enough 
for a platiorm, and a parapet about 12 feet thick. 

The exterior ſides of forts may be conſiderably leſs or greater than 

180 yards, even between the limits of G0 yards to 200, according to the 
fize of the ſpot on which it is to be built, and the importance of the 
place it is to deſend. For it would be a great abſurdity to build a large 
expenſive fort to ſecure a harbour or port of little more uſe than as a 
ſhciter to a few fiſhing boats; or, onthe contrary, to build a ſmall trifling 
work to guard a haven, where many ſhips of the utmoſt importance are 
laid up, or riding at anchor. 
It is not always neceſſary, or even convenient, to make theſe forts on 
figures perfectly regular; for the fituation may require ſome of its ſides 
to be ſhorter than others: neither is it neceſſary that the figures ſhould 
be fortified with baſtions, or balf-baſtions, at the angles; for there are 
many cafes, in which it will anſwer the purpoſe equally well, or even 
better, to make a baſtion on the ſide of a figure towards the middle; but 
en che faces of the baſtion ſhould be ſo drawn, that they may be raked 
trom the extremities of that ſide, by a defence of at leaſt 10 or 12 yards. 

In many caſes there needs no other than a direct defence from one, two, 
or three contiguous batteries, making one, two, or three ſides of the 
figure given to the fort, ſuitable to the ſhore, 


18 7 . Of proper Forts, and their diſpoſition. 8 


If the place on which the fort is to be built is a ſpot ſurrounded with 


water, forming a channel on both ſides; the figure is to be diſpoſed ſo as 
to have one or two of its fronts turned towards each channel, by which 
means the batteries in the flanks will ſcour both up and down the ſtream, 
while thoſe in the faces and curtins command the paſſage directly before 
them. That part to ſeaward may either have a front extended along it, 
or have one of the points of the figure directed that way, according as it 
may be judged moſt convenient; and if before theſe fronts there is any 
place at which an enemy can land, then one or more batteries ſhould be 
fo formed, that their guns may be brought to bear on that landing place; 
and if this be thought not ſufficient, a ſmall outwork ſhould be built near 
that place, to make the landing more dangerous; and on account of the 
conveniance of landing, the fort ſhould be furniſhed with a ditch, 
covered-way, and glacis: the part next the harbour will be ſufficiently 
ſecured by a line thrown up properly flanked, Should the ſituation be 
on a rock, where there is no danger of an enemy's landing; a good line, 
capable of covering the troops and cannon, will ſuffice. If there is 2 

; A chan- 
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a channel on one fide fit for ſhipping to paſs through, that ſide ſhould be forti- 
fied as in theformer caſe; and leſt the enemy's boats ſhould get through 
on the other ſide, it ſhould be alſo put in a ſtate of defence: but here 
a ſlight redan, furniſhed with a few pieces of ſmall cannon, may be found 
a ſufficient defence againſt the boats. | 

188, When a fort is built on a point of the main, the kind of diſpoſi- 
tion uſed in the foregoing caſe, next to the channel, will alſo obtain ia 
this: but it is neceſſary to take proper care of the land fide, which in this 
caſe is more liable to be attacked than in the former. In the fortifying 
of the land ſide the works ſhould be proportioned to the ſtrength of the 
enemy that may probably appear before it. For there are many places, 
where there is no likelihood of ever ſeeing an enemy with a ſtronger force 


than can be exerted by a fleet of three or four ſhips of war ; and as theſe 


cannot be furniſhed ſuſſiciently for undertaking a regular land- ſiege, a 


well flanked line, with a ditch, if properly defended, will ſecure the 
place againſt the attacks of failors or marines unprovided with artillery ; 


or ſhould a few pieces be brought againſt the place, their paſſage to it 


will be very dangerous, unleſs they can be brought near enough to act 
under cover; and to leave ſuch a cover, would be an unpardonable over- 
Gght in thoſe who had the care of conſtructing that fort. But when the 
importance of a place may bring before it a large fleet, and a land army 
properly appointed, then the fortifications on the land ſide ſhould be put 
in a ſtate capable of ſuſtaining a vigorous ſiege. 

There are many low points, on which batteries may be raiſed for the 
defence of a channel, over which a lofty ſhip may have a conſiderable 
command: in ſuch ports proper traverſes ſhould be placed, that the line 
of the battery be not raked by the ſhip's guns. 

189. In the conſtruftions of all forts it ſhould be remembered, that a 
figure of the feweſt ſides and baſtions, that can probably anſwer the pro- 
poſed defence, is ever to be preferred ; as the works on ſuch plans are 
ſooner executed, and with leſs expence ; beſides, fewer troops will ſerve, 
and they are more readily brought together in caſes of neceſſity. 
And with regard to the executive part of ſuch works, enough has been 


already ſaid, only let it be obſerved that where ſtone and brick are ſcarce, | 


and there is plenty of wood, then timber works are to be moſt uſcd ; and, 
on the contrary, ſtone or brick earth being plenty, and wood ſcarce, 
maſonry is to be preferred; and let care be taken never to uſe ſea-water 
inthe lime, nor to make the parapet entirely of ſtone ; for the ſplinters 


driven about by the enemy's cannon will make it dangerous for the de- 
fendants to continue on their poſts, | 
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ener 8B. C N it. 
190. Of Portifying Harbours by Booms. 


" Notwithſtanding the forts built for the ſecurity of a harbour, or paſ, 
ſage, there are many inſtances that might be produced to ſhew that ſuch 
forts alone are not ſufficient, The great Sir Walter Raleigh ſays,. In 
« this age, a valiant and judicious man of war will not fear to paſs by the 
er beſt agpointed fort of Europe, with the help of a good tide and a 
« Jeading gale of, wind; no, though 40 pieces of great artillery open 
„their mouths againſt him, and threaten to tear him in pieees. 
n the beginning of Qucen 206 YM Ley when Denmark and 
& Sweden were at war, aur Eaſlland fleet, bound for Liefland, was for- 
re hidden by the king of Denmark to trade with the ſubjects of his ene- 
“ mies, and be threatened to fink their ſhips if they came through the 
« treights of Elfineur. Notwithſtanding this, our merchants, having 
5. a ſhip of her majeſty's called the Minion to defend them, made the 
* adventure, and fuſtaining ſome vollies of ſhot, kept on their courſe. 
«The king made all the proxiſion he could to ſtop them on their re- 
4 turn. But the Minion, commanded (as I take it) by William Bur- 
« rough, leading the way, did not only paſs with little loſs, but did beat 
de down with artillery a great part of the fort of Elfineur, which at that 
ve time was not fo well rampar'd, as perhaps now it is; and the fleet of 
4, merchants that followed him, went through without any wound re- 
« ceived, Neither was it long ſince, that the duke of Parma, befieging 
% Anzwerpy $4.5 $1 no poſſibility, to maſter it otherwiſe than by 
© famine, laid his cannon on the bank of the river, ſo well to purpoſe, 
that he thought it impoſſible for the leaſt boat to paſs by. Yet the 
46 Follanders and. Zealanders, not blown up by any wind of glory, but 
coming to find a good. market for their butter and cheeſe, even the 
* poor wen attending their profit, when all things were extreme dear at 
e Antwerp, paſſed in boats of ten ox twelve tun, by the mouth of the 
© quke's cannon, in deſpight of them, when a ſtrong weſterly wind and 
ec tide of flood favoured them; as alſo with a contrary wind, and ebbing 


<« tide, they, returned. back again: ſo as he was forced in the end to build 


t his Hectada overthwart the river, to his marvellous trouble and charge. 
« a — of St. Philip terrified us not in the year 1596, when we en- 
ci teced the port at Cadiz; neither did the port at Punial, when we were 
«centered, beat us from our anchoring by it, though it played upon us 
& with four demi-cannon, within point-blank from fix in the morning 
« till twelve at noon. The fiege of Offend, and of many other places. 
« may be given for proof, how hard a matter it is to ſtop the paſſage of 
ce a good ſhip, without another to encounter it. Yet it is true, that 
« where a fort is ſo ſet as that of Angra in Tercera, that there is no 
« paſſing along beſide it, or that ſhip's are driven to turn upon a bow- 
&« Jine towards it, wanting all help of wind and tide; there, and in ſuch 
6 places, it is of great uſe and fearful: Otherwiſe not.” 

Since Sir Walter's time, the Sound has been better fortified, yet in 
'1700 Sir George Rook paſſed it, notwithſtanding the Daniſh fleet lay 
to impede his paſſage. The actions at Londonderry, Vigo, Porto-bello, 
Carthagena, and at many other places, are all ſuſſicient prooſs, that _ 
tacr 
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ther forts nor caſtles can ſtop the enterprizes of the brave; and therefore 
it has been judged proper on many occaſions, beſide forts and batteries, 
to lay booms and other obſtructions in a ſtream, to ſecure the ſhipping 
there from the attacks of a powerful enemy, FEI 


| 191. To lay a Beem. 


Provide a great number of wooden battlings or ſpars of about 20, 30, 
or 40 feet long, more or leſs, and between 5 and 10 inches diameter. 
Then moor two boats, having a ſheet- anchor in each, in the place 
near one fide of the river where it is intended the book ſhall begin ; 
bend two cables to theſe anchors, and round them place the ſpars or 
poles, frapping on each with rattling ſtuff, or better with four inch rope, 
until the boom is 7, 8, 9, 10, or more feet diameter (according to the 
bands employed), the cables being in the middle; next, with iron hoops 
rivetted together, worm the boom, and drive through the hoop a nail into 
almoſt every ſpar.. After having wrought a good birth for the anchors, 
drop them, and continue the work till it 1s brought near the other edge 
of the river, and there drop two anchors more, with the cables bent to 
them. Then over all laſh the ſpare yards and top-maſts, with the top» 
chains, ſo far as the channel goes. | . 

Io that part of the cable within the boom, over the channel, let two 
or more cables be faſtened, and bent to anchors laid down the ſtream; 
over the clinch of theſe cables let battlings or ſpars be wrought for near 
ten fathoms down the ſtream, that the enemy may not cut theſe cables. 
Theſe will be ſervicable when the enemy's ſhips come ſtemlings againſt 
the boom; for if he force it in one place, the whole will not be opened 
by that fracture. | \ = : 

jo places where wood is ſcarce, and proper ſpars are not to be readily 
had, or in caſes where there is not time ſufficient to prepare them; it 
may be found ſufficient to woold two cables together with old ropes, 
laſhing to them the oars, top-maſts, and yards, and worming the whole 
about with iron hoops; and let every part be well payed with pitch, and 
ſmall gravel ſtrewed on it while the pitch is warm. A boom fo prepa · 
pared cannot be eaſily cut. | 

It is in molt caſes convenient to have the boom ſo contrived, as to 
open at one end for the paſſage of veſſels; and this may be done ſeveral 
ways, one is to let one end of the cable be clinched to an end of a large 
 mooring-chain, the other end floating with a buoy, and this end fixed to 
the ring of the anchor by a ſhackie. Now the chain being looſed from 
the anchor at the ebb with a ſlack hawſer fixed to it, the boom will ſwing 
down the ſtream during the ebb, and upon the flood the boom may be 
relaid, if the enemy appear in fight, which he muſt do the firſt of the 
tide, for upon the ebb there is no danger of his coming; becauſe, if the 
wind be right in, a prudent enemy will not adventure againſt the tide, a 
ſhip then making ſuch wild ſteetage; and ſhould ſhe ground, ſhe muſt lie 
there till flood, which may prove ſatal to her from the batteries aſhore; 
and againſt both wind and tide the enemy cannot come in. On the 
contrary, ſhould the boom be carried up the flood, and the enemy appear. 
at the beginning of the next flood, the boom cannot be re-laid till the ebb, 
and beſore that time the enemy may have accompliſhed his deſign. 


192, If 
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192. If there be good ſtore of timber at hand. a /7::#:24o may be made 
by driving ſeveral rows of piles in the channel before the boom; or 
mould the depth of water be too great for this work, the trees may be 
uſefully applied in making a raft to ride before the boom by good an- 
chors, ſo that the cables be made too faſt for the enemy to cut them. 
Theſe rafts may be of fingular uſe, by making fires on them, when the 
enemy appears, which will put him into ſome conſternation, and per- 
haps may cauſe him to chop to anchor, and loſe time or his tide z and 
this may be done each flood, obſerving not to have the ſmoke drive into 
the works, which might give the enemy too great an advantage. 


193. | To lay a boom in a firaight Channel. 


* Suppoſe the wind for the moft part to blow obliquely acroſs the river 
or channel on the ſtarboard quarter going up the river, if the boom be 
kid directly athwart the channel, the ſhips coming with the tide of 
flood! and a leading gale will run ſtemlings againſt it, and poſſibly break 
it by ſtriking with a force that comes direct; whereas, could the boom 
be laid obliquely athwart the river, nearly in a line with the wind, ſo 
that the ſhip muſt take it with her bow, the blow would be diverted by 
the ſhip's caſting : becauſe in this poſition the enemy cannot run ſtem- 
kngs againſt it; for in failing up the river, the ſhip muſt be near before 
the helm; and to bring her head to a boom laid obliquely, the helm 
muſt be put down, and then it is ten to one whether ſhe come to ſo 
nicely as to take the boom : not to mention the miſtakes which in the 
confuſion may be committed by the man at the hen, and him upon the 
cond, nor the ſmoke; for excluſive of all theſe, it may be taken for 
granted, that the ſhip would caſt along-fide the boom; and then the 
batteries at the end of the boom on the larboard ſide would rake him 
fore and aft, while the oppoſite batteries on the ſtarboard fide playing 
on his broadſide with doxble-round and partridge, muſt make a great 
faughter among his men cutting at the bzzm. And ſhould he not ſwing 
alopg-irde the boom, but lie ſterling againſt it, the batteries on the 
ſtarboard ſide of the river, which are to be made above the weather end 
of the boom, will rake him fore and aft, while thoſe on the larboard fide 
play on his quarter or broadſide. 

194+ The ſhips within the boom, which it is to protect, ſnould be 
moored in a kind of half-moon with their broadſides flanking the boom. 
And ſeveral old ſhips, or thoſe which are the leaſt uſeful, may be ſunk 
as ſoon as a ſignal is 7 ae from one of the ſorts, ſignifying that the 
boom will be cut. For this purpoſe, thoſe ſhips ſhould have large 
ſcuttles ready cut: and for a farther ſecurity it would be very proper to 
have a ſmall boom to divert the enemy, that the ſhips may be ſunk in 
the channel before he boards them. 

As tothe reſt of the ſhips, they are left to the judgment of their com- 
manders: and if there is no other remedy, the people may get aſhore to 
- windward if they can, and there make the beſt defence in their power 
againſt the enemy's boats and firefhips. From duly weighing the whole 
ot cheſe circumſtances it will be found, that the chicf ſtreugth is in the 
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boom; therefore if a double, triple, or fourfold boom were laid, if the 
materials could be procured, and the value of the ſhipping and cargoes 
were of ſufficient importance, it would make the place ſo much the 
ſtronger, and the enterprize of the enemy more hazardous. In itretching 
theſe booms, the trouble of many anchors may be ſpared by making all 
the cables faſt to the firſt, and ſo let them float in a bight, and by a 
ſmall anchor ride upon the ebb, to keep clear of one another. 


195. T0 lay a boom in the bend of a river. 


From the point formed by a bend ſtretch two booms acsoſs the chan- 
nel, one towards the middle of the oppoſite bight, and the other ſo 
much higher, as to lie directly athwart the channel, leaving a kind of 
angular ſpace between them. | | 

Next the point from whence the two booms ſtretch, erect a proper 
fort or battery to command the channel below and above the bend. 

On the other fide of the river erect another fort or battery againſt the 
bight a little above the end of the lower boom, and ſo difpoſed, that its 
cannon may rake the channel coming up, as well as command both the 
booms. | 

From ſuch a diſpoſition, it is a great chance if a ſhip anſwer her helm 
ſo timely in bearing or losfing about the point, as to take the boom ſtem- 
lings, and if ſhe ſmite it with her bow, ſhe caſts ; and in either cafe ſhe 
will be raked fore and aft by one fort, and have her broadſide battered 
by the other. : | 1 05 | 

Let ſome old veſſels be fitted up for fireſhips, and placed between the 
two booms; from each ſhip let two hawſers be carried aſhore, one on each 
fide, and fixed to crabs or capſtans ſet up; ſo that as ſoon as the enemy 
has paſſed the firſt boom, theſe ſhips being ſet on fire, and heaved in 
their way, nothing can hinder the enemy's deſtruction. As ſoon as fire 
is ſet to the train, the boat may pull aſhore under covert of the ſhip with- 
out any apparent danger; for ſuch will be the enemy's conſternation, 
that they will ſoon leave firing. The hawſers may be faſtened to clamps 
below the water-line, that they be not burnt, nor in ſight of the enemy 
to cut them. If the fire ſhip is clapt aboard the weathermoſt ſhip, they 
may be both heaved together aboard another to leeward. | 

The ſhips to be defended, may be moored in a half-moon, with their 
broadſides ſo laid, as to batter the enemy when he attempts the boom: 
and if other works than what are here directed be judged neceſſary they 
muſt be adapted to the ſituation of the place. 1 
196. When no ſtrong attacks by land are to be feared, the mooring 
of ſhips behind a point is beſt on account of laying the boom. Now 

ſhould the boom be forced, which muſt be upon the flood, a fire ſhip, 
| inſtead of falling on board a ſhip thus moored, will by the tide be huc- 
ried beyond her; and if the place is any ways favourable to the ſhips 
moored there, it will be found impraCticable to board a ſhip thus moor- 
ed, with ſuch a wind and tide as the enemy muſt have to break the boom, 
unleſs he expoſe his boats in carrying out an anchor to warp over, which 
will be a very dangerous attempt; or ſome unaccountable accident in- 
tervene, | wy | 


19. It 
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| 197. It may be objected, that ſhips thus moored cannot bring their 
broadfides to bear upon the enemy when coming to force the boom; and 
that they may be battered by the enemy, over the point. To this it 
may be anſwered, firſt, It is no matter whether the broadſides do bear 
or not, for perhaps it might be the beſt way to get the guns aſhore, if 
there is time, to be there uſed ; and to put the ſmaller ſort only on the 
lower deck, and turned to flank the boom. Secondly, The enemy will 
have but an uncomfortable birth in lying to baiter the ſhips over the 
point, as they will have to deal with the fire from the fortifications 
aſhore. What is here ſaid, is only to be underſtood when five or fix 
ſhips are to be defended; for the wake of a point would not hold any 
. conſiderable fleet. 

198. Maxims to be obſerved in fortifying a harbour and mooring the ſhip« 

ping in ii. 


I. Let all the land- marks be removed that may direct the enemy's 


ſteerage into, or up the river or harbour, when there is a probability of 
an attack. | | RES . 

II. Chooſe ſuch a place if poſſible ſor erecting the works on, as can- 
not be laid under water, either by haſty rains, or by any art of the 
enemy. W 
III. Let the eminences which command the works within cannon 
ſhot, be ſecured by erecting ſmall forts on them, furniſhed with ſmall 
cannon. | 

IV. All woods within cannon-ſhot of the fortifications are to be cut 
down, and the timber employed about the works. : 

V. Secure a ſpring of freſh water by a fort and proper guard. 

VI. Take all the buoys from the anchors that ride the booms, that 
the enemy may not trip them. 

VII. Let the powder and other munitions be ſeparated and kept in 
different places, that if an accident happens, the whole may not be 
deſtroyed. . | 

VIII. The ſhips ſhould not be poſted near any town or village, unleſs 
they are-intended to cover that place, or the thing be unavoidable z left 
the ſhot and bombs which miſs the ſhips deſtroy the town. 

IX. The ſhips ſhould never be moored before the fortification. 

X. Moor the ſhips ſo as to rake the enemy fore and aft when he bat- 
ters the works. : 

XI. Let not the ſhips when moored touch one another, that the ene- 
my may be obliged to burn each ſhip ſingly. 

XII. Uarig the ſhips, and ſtrip the ſhrouds from the maſt-head, that 

the graplings of fire ſhips may have no hold. 
XIII. Let the fails be carried aſhore for tents, and moſt of the gun- 
ner's ſtores ; that if the worſt happen to the ſhips, there may be ſtore 
of ammunition for the forts. 1 | | 
XIV. Unleſs the cargo be aſhore, let not the cheſts nor clothes of any 
perſon, from the captain to the ſwabber, be carried out of the ſnip; that 
every man may have ſome inducement to exert himſelf in the defence. 

XV. Let outguards and centinels be placed upon and near the banks 
of the river or harbour; and let ſome — 6 in nimble boats, , armed, 
paſs down the ſtream each night to watch the motions of the enemy. 


SECTION 
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SECTION IV. 5 | 
199. Of the mooring of ſhips in fortified harbours: 


Before the boom is laid, it will be neceſſary to appoint the place where 
to moor the veſſels, that they may be beſt ſecured from the enemy's fire- 
ſhips, and yet annoy their men of war; and as this can be only done 
either in the ſtream or out of it, the advantages and difadvantages in 
both caſes will be here conſidered. 


200. Conſiderations in mooring with regard to the fiream. 


FiRsT. The advantages an enemy has of a ſhip moored in the flream. A 
ſhip moored in the ſtream will find ſome difficulty in bringing her broad- 
fide to gall an enemy in his approach, who always comes with the 
ſtream ; and if the tide runs too ſwift for one to lie athwart, it certainly 
does fo ſor the other ; both having ground tackle equally good. 


2d. In this ſituation there is no hindering a fireſhip, that has paſſed 


the boom, from being aboard you, as none but the chaſe-guns can be 
brought to bear on it; and ſhould you heave athwart, the enemy will 
be the ſurer of grappling you, unleſs by bringing your whole broadſide 
to bear you ſink bim; for if the officer, through want of courage, ſhould 
forſake the fireſhip,- yet the tide will bring it aboard: beſides, in ſuch a 
poſition the enemy's ſhips of war may board you, and then your bat- 
teries aſhore are uſeleſs. | 
34; In riding in the ſtream; the cables are expoſed to the enemy; 
which being hit by a chance ſhot, the ſhip will ſwing upon the tide, and 
the enemy have the opportunity of raking you fore and aft; and if the 
enemy has any conduct, he may lay his anchors fo, that his cables ſhall 
be ſecured from your ſhot. | ED 
4th. Should you moor athwart the ſtream, the enemy may drop a 
ſmall anchor out aſtern, veer ath wart your hayſe, and ſo conſtrain you 
to alter your pofition, or rake you fore and aft. | 
5th. in riding athwart the itream the cables by bearing a more than 
ordinary ſtrain, are apt to break, or ſtart an anchor; then the ſhip 
ſwinging on the tide, it is a great chance but the other anchor ſtarts, and 
ſhe ſwings to leeward. But theſe advantages ate on the enemy's fide 
only while the ride ſets in; for the defendants have them when the tide 


ſets out: therefore, in ſuch places where the ſtteam runs continually 
out, the belt way is to moor in it, if the wind does not blow'always in. 


201. SECONDLY. The advantages 4 ſhip moored in a flream hat over an 
/ np | : 
iſt. A ſhip.moored athwart the tide lies convenient to rake an enemy 


fore and aft in his approach, and ſo may do him a conſiderable damage 


before he is athwart the ſtream to batter. 
2d. In riding thus in the ſtream, according to the common ſituation 
of rivers, the enemy cannot batter you under covert. 
202. TrwIrDLY: A ſhip! meored out / the fiream has theſe d ſadvan- 
tages. | Ow om en 
1ſt, That ſhe cannot rake the enemy fore and aft ſo well as while ſhe 
lies in the ſtream, -unleſs by ſome particular ſituation of the place. 
CF A ERR zd. The 
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2d. The enemy's men are not much expoſed in mooring ; for he 
needs only to drop his anchor, and he may veer along your ſide; or, if 
ou lieathwart the river, acroſs your hawſe: but this may be prevented 
y riding in the wake of a point; for ſhould the enemy drop anchor 
before he is about the point, he cannot veer along-ſide; and if he let go 
his anchor after he is about the point, be may be aftern before he 1s 
brought up. | | . | 
203- FouRTHLY.. A ſhip moored out of the ſiream has theſe advantages. 
© tt. There is no danger of the fireſnips driving aboard her, unleſs di- 
reed by a ſtrong wind. And for the ſame reaſon, the enemy cannot 
be athwart your hawſe, unleſs he tows there with his boats, and then they 
and their crews are expoſed to your cannon. | 
"24. A ſhip thus moored is in leſs danger of driving, ſhould her cables 
be ſhot. | | we e 


| Conſiderations in muoring with regard io the bind. 
204. FigsT. Vith regard to windward... DS; | 


Beſides the advantage of being free from the ſmoke, you may cauſe the 
enemy to drive to leeward ſhould you hit his moorings ; and if he tries 
to heave off by carrying an anchor to windward, his boats will be ex- 

poſed to your cannon; and if the boats lay to paſs his ſhip, while he 

eaves, will be raked foreand aft, which muſt do. great execution among 

his men while they ſtand thick at the capſtan ; but it is highly probable, 
a ſhip ſo grounded could not be got off. Seth 

When to windward, the cables are covered from the enemy by the 
ſhip, and may be ſeized to clamps and cleats nailed to the fide, and fo the 
mooring ſecured from random-ſhot. And this ought to be carefully done 
for preventing the only diladvantage that attends ſhips moored to wind- 
ward, which is, that if their cables are ſhot, they drive out upon the ene- 
my, or ſwing head to the wind; if the former, they may be boarded by the 
enemy's fireſhips, or ſhips of war, and then your precautions are rendered 
fruitleſs ; if the latter, they may be raked fore and aft by the enemy ; and 
i neither of theſe happen, the ſhip may drive to leeward and be grounded. 
= 5 SECONDLY. With regard to leeward. WT 
A ſhip fo moored cannot prevent the enemy's being ſent on board, un- 
leſs a ſhoal or ſtockado lie between them. 24 

In this poſition, ſhould you ſhoot the enemy's cables, through his 
carelefineſs in covering them with his hull ; yet as he drives aſhore, or 
upon you, his boats are covered with his hull, while they carry an an- 
chor to windward to heave off. 3 = 
1. Befides, your moorings lying to windward are expoſed to the enemy; 
and ſhould they be cut, you will ſwing head at wind, and in that poſi- 

tion be raked fore and aft; if you attempt to carry out an anchor to 
heave your broadſide againſt the enemy, your boats will be too much un- 
der his command; indeed, inſtead of carrying ont an anchor it may be 


beſt to clap a ſpring upon the cable, but this will fail if the ſhip is too 


near the ſhore. 


Upon the whole, it appears beſt to moor to the windward in the wake 
of a low point, when ſuch a ſituation can be obtained; but the circum- 


ſtances being ſo various, it muſt be left to the r the commander, 


who, it he rightly conſiders what has been ſaid, will chuſe the beſt. 


'SECTION 
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206. Of ſome remarkable actions concerning the 


attacls of ſhips in fortified harbours. 

Having ſhewn the methods that have been directed by experienced 
men, to be uſed in the defence of harbours, we ſhall now think of cloſing 
this work with the accounts of ſome of the moſt remarkable actions re- 


corded within the laſt 100 years, in which tlie Engliſh have had any 
ſhare. I his was thought uſeful ori two accounts: firſt, as examples to 


the preceding precepts z and ſecondly, to point out to the young mariner 


the means, by which many have acquired great reputation and honour. 


207: The battle of Santa Cruz in the year 1657. 2 
Santa Cruz is a town and bay on the weſt ſide of the iſland of Teneriff, 
one of the Canary iſlands. The bay which lies rather open than incloſed, 
has deep water near in ſhore; but the belt anchoring is about half a mile 
from More, in 30, 40, or 50 fathoms water, black ſlimy ground: if 
there be many ſhips, they muſt ride cloſe one by another. The ſhore is 
in general high land, and in moſt places is ſteep to the water. | 
Admiral Blake lying with ſome ſhips near Cadiz to watch for the re- 
turn of the Spanilh plate fleet, had intelligence they were in the bay of 
Santa Cruz, in the iſland of Teneriff; - broke ground the 13th of 
April, and on the 20th arrived at Santa Cruz, where he found the Spa- 
niſh fleet, to the number of ſixteen, moored in the bay in a half-moon. 
Near the mouth of the bay was a caſtle well furniſhed with near 40 
heavy cannon ; and beſides that, there were ſeven forts round the bay, 
with 6, 4, or 3 great guns in each, all united by a line of communica- 
tion from fort to fort, and well lined with muſkateers. Don Diego Di- 
agues, the Spaniſh general of the fleet, upon ſight of the Engliſh fleet, 
cauſed the ten ſmaller ſhips to be moored cloſe to the ſhore, and ſet ſix 
great galleons, well manned, farther out at anchor, with theic broadſides 
to ſea: in this poſture the Spaniſh admiral vainly thought himſelf ſo ſe- 
cure, that a Dutch merchant ſhip going out of the harbour, he ſent a 
meſſage by him to Blake, that he might now come F i... * 
The Engliſh admiral, having well viewed their poſture ſaw it would 
be impoſſible to bring off the galleons; however, he reſolved to burn 
them, and to that end ſent in Captain Stayner, commander of the Speaker 


frigate, with a ſquadron to attack them. He ſoon forced his paſſage into 


the bay, whilſt other frigates entertained the forts and lines with continual 
broadſides: theſe were preſently ſupported by Blale himſelf with the 
whole fleet, who placing ſome of his {hips to batter the caſtles and other 
forts, he with Stayner continued to engage the galleons ; over which, in 
fix hours, he gained (notwithſtanding they had reinforcements of men 
ſeveral times from the ſhore) a complete es The Vice-admiral and 
Admiral were blown up in the engagement, and the reſt driven aſhore; 
where, notwithſtanding the fire from the forts, they were all ſet on fire 
by the Engliſh, and every one of them was burnttothe water'sedge. T hey 
had no ſooner done this,then the wind luckily turned, and carried the fleet, 


without the loſs of one ſhip, out of the bay, and put them ſafe to ſea again. 


*E | 208. The 
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208. The action of Londonderry, in the year 168. 


Londonderry is a ſmall but pretty ſtrong town in the north of Ire. 
land: it ſtands on the weſt ſide of the river Lovghfoyle, about three miles 
from a lake of the ſame name; which is about ten miles bread and fif- 
teen miles long, communicating with the ſea by a ſtreight of about a 
mile ia breadth, ſo that tl.e town ſtands about eighteen miles from the 
ſea. The river next the town is about I of a mile over, and keeps this 
breadth nearly, between the town and lake, where its mouth is defended 
by Culmore fore, which is a large ſquare with four baſtions. _ | 

This town was belieged by the Iriſh and French in the year 1689, and 
the garriſon brought into great ſtreights for want of proviſions, the be- 
ſiegers having ſtrongly fortified the river. There was a boom framed of 


à chain of cables, covered with timbers, ſtretched acroſs the river about 


two miles below the town, from a point on the eaſt fide: each end of the 
boorn was defended by a fort. Between the boom and Culmore fort 
| were two other forts, one on each fide the river, and another fort above 
the doom oppoſite the town. The ſides of that narrow river were in- 
trenched and lined with muſketeers, and ſeveral boats were ſunk, and 
ſtockadoes drove, armed with large iron ſpikes. | 
Notwithſtanding all theſe preparations the boom was forced, the town 
relieved, and the ſiege raiſed, by the aſſiſtance brought by three ſhips 
only, in the ſollowing manner. The Montjoy of Derry, commanded 55 
Captain Browning, and the Phenix of Colrain, by Captain Douglas, being 
both laden with proviſions, were ſent towards the town, under the con- 
voy of the Dartmouth frigate, commanded by Captain John Leake. They 
were forced to ſtand a furious fire of the enemy from Culmore fort, and 
from the forts and intrenchments on both ſides of the river, which they 
received and returned with the greateſt bravery imaginabie. The Mont. 
Joy made a little ſtop at the boom, occafioned by her rebound, after 
ſtriking and breaking it, ſo that ſhe run a-ground. Upon this the 
enemy give a loud and joyful ſhout (though a dreadful one to the be- 
ſieged), fired all their guns upon her, and were preparing their boats to 
board her. The trouble and concern of the belieged, to ſee their laſt 
hopes diſappointed, is not to be expreſſed ; but by great providence, firing 
a broadſide, the ſhock looſened the ſhip fo, that ſhe got clear and paſſed 
the boom. Captain Dougla; was engaged all the while, and the Dartmouth 
ow the enemy very warm entertainment, till at length the three ſhips, 
aving overcome the great difficulty of breaking and paſſing the boom, 
got into the city, and brought unſpeakable joy and tranſport to a gar- 
rifon, which reckoned only upon two days life, having nothing left but 
nine lean horſes, and a pint of meal to each man. This brave and ſuc- 
ceſsful undertaking fo diſcouraged the enemy, that they raiſed the ſiege 
the next day, and retreated by night in the utmoſt confuſion : but made 
a moſt miſerable havock in the country by robbing and burning all 
before them for ſeveral miles. . > 
The boom appears to have been laid directly athwart the ſtream, and 
lo was eaſiet to force, than if it had been laid obliquely acroſs. 
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209 · be actien at Gibraltar in the yeer 1693. 

The Engliſh fleet under the command of Sir George Rooke and Sir 
Thomas Hobſon were convoying a very large fleet of merchant ſhips to- 
wards the Mediterranean ; but falling in with the French fleet under the 
command of Admiral Tourville, the Engliſh admiral give the ſignal for 
the merchantmen to ſhift for Kemi Among others, four heavy- 
laden Turkymen, namely, the Shandeis, the Italian merchant, the Ajia, 
and the Loyalty, ſtood away for the Spaniſh ports, and put into the bay 
of Gibraltar; where the commanders of the Turky ſhips, being hindered 

from proſecuting their voyage by ſome diflenfion on board, and the fear 
of the French fleet, thought proper to fortify themſelves. = 5 

For this purpoſe ae Pont nder poſted their four ſhips in a line 
within the new mole, which ſtretches to the NW., with their bfoad- 
Gdes flanking towards the north, or entrance into the mole; the ſhips 


were unrigged, and canſequently having no fails to manage, they turned 


bear on one ſide. 

On the SE. end of the mole, or land- ſide, was a caſtle, in which were 

mounted ten ſmall cannon, four pointing into the bay towards the weſt, 

three commanding the mole, and the reſt flanking the NE. ſhore. Op- 
_ polite to the molethead was a kind of redent, very advantageouſly built 
to flank the entrance into the mole ; but neither on this, nor the mole- 
head, had the Spaniards any cannon. From the caſtle there ran north- 
ward a line of communication, or a ſtrong ſtone wall, to the ſouth end of 
the town, where was a battery of cannon, but too ſar from the mole to 
be of any ſervice in defending it. e 3 


1 


all hands to the cannon, bringing as many as they conveniently cquld to 


The Engliſh ſtretched a cable from the mole-head to the redent, the 

ends being bent to two ſheet anchors, and to this cable they laſhed their 
{pare yards and top-maſis, Upon the molechead were planted fix of the 

_ Shandois's guns to flank the boom, and this battery was committed to the 
care of ſome Engliſh ſeamen, who behaved themtelves very well. The 
commanders intended to plant ſome guns at the other end of the boom 
upon the redent, but being obliged to go through the caſtle, the draw- 
bridge broke, and down went the firſt gun that came upon it into a ditch 

near forty feet deep, with ſome of the Shandois's men; by this it may 
be judged in what condition the Spaniſh works and garciſon were. 

In this poſture things were, when the French came into the bay with 
fourteen or ſixteen, men of war and two bomb-ketches, and ſtanding 
within ſhot of the caſtle, the Spaniards ſhewed thelr dexterity in managing 
their ordnance by firing about one ſhot in half an hour. "The cam- 

manders perceiving their aukwardneſs, ſent a quartermaſter flom on 

board the Shandois, and the gunner's mate of the Loyalty, to their aſſiſt- 
ance, and ſome dozens of cartouches; but through want of judgment in 
the Spaniards, they were both blown up. All this time not a ſhip cauld 
bring a gun to bear, and ſo without any damage the enemy paſſed by 
into ivy „where they anchored. _ | Kept deb - 
In the e they ſent down two men of war to view in what poſture 
the ſhips lay; as ſoon as they came within ſhot, the Engliſh fired briſkly 
at them, but before many — were returned, they ſtood away to 
= 2 | their 
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their ſquadron, and continued quiet that day. Next morning a ſhip o 


upwards of fifty guns came towards the boom, and it proving calm when 


ſhe came within ſhot, there was pretty briſk firing on both ſides, on 
which ſhe endeavoured to tow off, but ber boats were ſunk from the bat- 
tery on the mole-head, and had not boats come from the ſquadron to her 
aſſiſlance, ſhe had moſt certainly been ſunk, having above 100 cannon 
playing upon her from the Engliſh. The enemy Fading ſuch enter- 
tainment provided for them before the boom, ſent. off four men of war 
and the two. bemb-4etches, which lying to the fouthward of the mole, and 
firing over it, raked the Engliſh fore and aſt; who on account of their 
former diſpoſition could not bring one gun to bear upon the enemy, ei- 
ther from the four ſhips, or from the mole ; under theſe circumſtances, 
the commanders judged it beſt to fink the ſhips. In the evening the 
French ſtood out of the bay, and next day ſtood in again ; and having 
_ poſted ſome men of war and their two bomb-ketches againſt the caſtle 
and mole, they ſent in a ſtore-ſhip which they had turned into a fire-ſhip, 
and burnt the upper works of three finking ſhips ; for the Italian mer- 
cthant's forecaſtle eing under water, ſaved the Shandois. 8 
Sl | | JJC oth $02 10 112 | 
210. Diſpofition of the Engliſh fliet at Cadiz, wenn 
The 16th of October Sir George Nocte arrived in the bay of Cadiz 
with the fleet under his command, and on the 2 iſt it was reſolved in a 
council of war, that as there were but 30 ſhips of the line, which was 
not a force ſufficient to oppoſe the enemy, who were expected to be above 
double that number, all that could be propoſed till the fleet ſnould be 
reinforced from England, was to protect the trade. But leſt the French 
ſhould appear at Cadiz before this reinforcement arrived, it was agreed 
that the ſhips ſhould be removed within Punta! caſtle, and formed in 
three lines ; which was all that could be done, the ſhips being in gene- 
ral but half manned, and the Dutch ſhips very foul. 
_ - » Theſe three lines were to be as follows: the firſt to conſiſt of the 
_ largeſt Engliſh ſhips, to lie from Fultal thwart the channel to the creek's 
mouth called Tructadero, next within the north caſtle : the ſecond to be 
compoſed of the ſmalleſt Engliſh and Dutch ſhips, along the ſhoal on the 
ſouth ſide of the harbour: and the third to be of the largeſt Dutch ſhips, 
to begin from the upper end of the ſecond line, and to trench away 
- thwart the channel, to the mouth of the upper creek, which goes to 
Port Real; and the ſmall frigates, bomb veſſels, and fireſhips, were to 
be poſted to the beſt advantage, as the wind and other circumſtances 
might permit. However, the fleet was not attacked, and about the mid- 
dle of March Sir George put to ſea on his teturn to England, and arrived 
in the Channel on the 22d of April, © ; 


211.  Portifications in the harbour of St. Jahn in Newfoundland, 169). 


Commodore Morris being ſent with a fleet to recover Hudſon's bay, put 
into the harbour of St. Jobn in Newfoundland, upon heating that a large 

- French fleet were on the coaſt of North America; and not knowing the 
-. ſtrength of the enemy, he judged it prudent to ſecure his force, that 
N ; 7” 
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It might be employed in the ſervice he was ſent on. He therefore put his 
Squadron into a line of battle, which was compoſed of four fourth rates, 
two fifth, and two fixth rates, with two fireſhips, two bombeveſſels, and 
a hag- boat. Two booms were laid acroſs the harbour, and Colonel Gib- 
ſon's regiment, that was carried by the ſquadron from England, was dis- 
embarked, and ſeveral guns mounted on the batteries aſnore. 
When the French ſquadron came in fight, the foregoing diſpoſition 


was altered. All the men of war lay in a half-moon to the harþour's 
mouth; and each ſhip's broadſide commanded the two booms :: Colonel 


Gibſon's regiment was poſted at the two batteries, and about the harbopr's 
mouth, and Captain Richards (who was the engineer ſor fortifying the 
harbout) was making ſuch works as he judged neceſſary on this occaſion; 
and that the ſquadron might be better able to do ſervice, all the men 


were'taken from the merchant ſhips and put on board them. 


The French fleet made no attempt on the harbour; but, on the con- 
trary, were glad to find that the Engliſh had been miſinformed of their 


ſtrength, and ſo ſhaped their courſe for Europe. 


1 


212. The battle of Vigo, in the year 1702. 


+ Monſieur Chateau-Rendult arriving early in September at Vigo in Gal- 


licia, with the Spaniſh galleons under his convoy, received information 


of the Engliſn and Dutch fleets being before Cadiz; of which timely 


intelligence he made all the advantage he could in preparing for their 


reception. N E | 
In the upper end of Vigo bay is a river running into the bay; up this 


river is Redondella harbour, which is ſurrounded with hills in ſuch a man- 


ner, as to be capable of being made very ſtrong, the harbour's mouth not 
being above a muſket-ſhot over. On the north ſide the entrance was a 


battery of eight braſs, and twelve iron guns, and on the ſouth fide a 


platform with twenty (ſtately braſs guns, and twenty good iron guns, be- 
- ſides a ſtone ſort, with a trench about it, mounted with ten guns, and 
- defended by 500 men. A little above the battery on the right, from 
two points in a narrow gut, was ſtretched a cable, to which was laſhed 
, maſts, yards, caſks, &c. with their top chains, and frapped about with 
four- inch rope very thick. The bight of the boom was rid by three 


anchors down the ſtream, that if the Engliſh ſhips came ſtemling againſt 
it, they might not bring home the anchors upon the ſhelf at the end of 
the boom; or it they cut it in one place the whole might not be open. 
To flank the boom, there was moored the L'Eſperance, a ſhip of ſeventy 
guns, on the ſouth ſide, and the Le Bourbon, a ſhip of ſeventy-ſix guns, 


on the north ſide; alſo five men of war of ſixty and ſeventy guns each, 


lay moored with their broadſides flanking the gut. The French admiral, 


to give him his due commendation, had taken all human precautions to 
ſecure his fleet. | | 


When the confederate fleet came before the place, Sir George Rooke 


called a council of war, and it was reſolved to attempt the forcing of the 
| harbour the next morning. As ſoon as the land forces were got on ſhore, 


the 12th of October in the morning, the admiral gave the ſignal to 


to 


* 
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to the boom; but when the van was got within ſhot of the batteries, it 
fell calm, ſo that they were neceſſitated to come to anchor, A freſſi 
gale ſpringing up not long aſter, Vice-admical Hepſen, in the Torbay, 
being next the enemy, immediately cut his cables, clapt on all his ſails, 
and bearing up directly againſt the boom, amidſt all the enemy's fire, 
broke through it at once, caſt anchor between the L'Eſperance and 
Bourbon, and with unparalleled reſolution received ſeveral broadſides 
from them. The reſt, of Vice-admiral Hop/or's diviſion, and Vice. ad- 
miral Yangergee's, with his detachment, having weighed at the ſame time, 
failed abreaſt. towards the boom, to add the ent weight and force to 
the ſhock, but being becalmed they all ſtuck, and were obliged to hack 
20g cut their way through ;- but. a 1 Ho gale blowing again, the Dutch 
* ename made ſuch good uſe of ut, that having hit the paſſage which 
the valiant Hepſon had made, be went boldly in, and made himſelf maſter 
of the Baurhen. All this while Admiral Hapſon was in great danger, 
for being Slaps on board by a French fireſhip, by. which his rigging was 
. et on fire, he expected every moment to be burnt; but it very 
ortunately fell out, that the French ſhip, which indeed was a merchant- 
man laden with ſnuff, and fitted up in haſte for a fireſhip, being blown 
up, the ſnuff in ſome meaſure extinguiſhed the fire, and preſerved Hepſon's 
ſhip from being conſumed, which however received very confiderable 
damage in this action. At the ſame time Captain Batenham, in the 
¶eciatian of ninety guns, laid bis broadſide againſt a battery of ſeventeen 
guns on the leſt fide the harbour, while Captain //yvell-in the Barffeur, a 
- a ſhip of like force, was {ent to batter the fort on the other ſide. Thus 
for a long while there was a conſiderable firing of great and ſmall ſhot 
on both fides, till the French admiral ſeeing the platform and fort in the 
bands of the Engliſh,, bis ficeſhip ſpent in vain, the Bourbon taken, the 
boom broken and the conſederate fleet pouring in upon him, be ſet fire. 
to his own ſhip, and ordered the reſt of the captains under his command 
to follow his example, which was done in great confuſion ; yet could he 
not be ſo punctually obeyed, but that ſeveral men of war and galleons 
were taken by the Engliſb and Dutch. In this action it ſhould be ob- 
ſerved, that the ſucceſs of the fleet was in a great meaſure owing to the 
land- ſorces under the command of the Duke of Ormond, who not only 
\ drove away ſeveral bodies of troops deſtined for the defence of the ſhore, 
but alſo took the caſtle and platform on the ſouth fide, which might 
atherwiſe have done great damage to the fleet. 


213. De adion of Carthagena, in the ear 1741. 


Carthagena, one of the beſt towns the Spaniards have in South-Ame- 
rica, lies on the Caribbean Sea, almoſt due ſouth of the eaſt end of Ja- 
maica. An irregular ſhaped peninſula, running in the direction of the 
ſea · coaſt, nearly north and ſouth, forms a fine har bour of about ten miles 
long. and in ſome places about two miles broad: near the north-end of 
5 e ſtands the city, its NW. fide being waſhed by the ſea, which 
being very ſhoal and rocky to ſome diſtance from the ſhore, together 
with agreat ſurf, hinders the town from being moleſted to ſea-ward. On 
the ſouth end of the harbour is an entrance called Boca-chica, of about 
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one third of a mile broad, with ſufficient water for the largeſt ſhips. The 
north fide of this entrance is near a mile long, turning eaſt and welt; 
and the ſouth ſide not above half that length ; juſt within this paſſage, on 
the ſouth fide, lies a ſmall ifland, between which and the eaſt end of the 
north ſide is about one fourth of a mile. ee eee ee 
In the ſpring of the year 1741, England being at war with Spain, an 
expedition againſt Carthagena was undertaken by the Engliſh ; the fleet 
was under the command of Admiral Vernon, and the land-force was con- 
ducted by General Wentworth the Spaniards, apprized of the deſigns 
made an excellent difpotition for the reception of their enemies, who 
found the following impediments to their ſailing into the harbour. | 
Near the eaſt end of the north ſide of the entrance, ſtood a well-built 
regular ſquare fort, called Boca-chica caſtle, two of its baſtions com- 
manding the paſſage, the walls of ſtone, and mounted with 82 cannon 
and three mortars ; and at the weſt end were the forts of St. Philip and 
St. Jago, ſerving as redoubts to the caſtle, and guarding a ſmall bay 
where there was tolerable landing. On the weſtern end of the ſouth 
ſhore, called the Barradera, was a faſcine battery of 15 heavy cannon, 
about five of which commanded to ſea-ward, and the reſt flanked the welt 
ſhore of the other ſide, and even the caſtle itſelf. On the iſland ſtood 
St. Jofeph's fort wich 21 guns; between this fort and the caſtle was 
ſtretched a boom obliquely acroſs the paſſage; and above this boom 
were moored, in a line commanding the boom, four men of war, each 
carrying from 60 to 70 guns. | | | PI 
Three Engliſh 80 gun ſhips, in about three hours cannonading, 
obliged the enemy to retire from the torts of St. Philip and St. Jago: 
and che atmy was landed, encamped, and formed the ſiege of the caſtie: 
eight days afterwards, the camp having been much galled by the Bar- 
radera battery, it was attacked, burnt, and moſt of the guns ſpiked, by 
the boats of the fleet, under the command of Captain Byſcaurn: but 
the Spaniards, knowing the value of that battery, repaired it; and by its 
fire ſo much interrupted the progreſs of the army, that ſeven days after 
its firſt deſtruction, three ſhips were ordered to lie againſt it, and the 
boats of the fleet were again manned under the command of Captain 
Matſon, when they effeCtually deſtroyed the whole battery. TWO days 
after, on the 25th of March, while Bocha-chica caſtle was ſtorming by 
the army through the .breach they had made, the Admiral ſent the ſhips 
boats, under the command of Captain Knowles, to attack St. Joſeph's fort, 
which he took poſſeſſion of about ten o'clock at night, and alſo of the 
Gallicia, the Spaniſh admiral Don Blas's ſhip; the Spaniards, upon hear- 
ing the Engliſh huzzas at the caſtle, having abandoned the caſtle, St. 
- Joſeph's fort, and the four ſhips, which were already ſcuttled for ſinking 
to barr up the paſſage ; but the enemy, in the utmoſt panic, had not time 
ro. follow their orders; fo that only two of their ſhips were ſunk, and a 
third they ſet on fire. Captain Knowles immediately ordered the boom 
to be cut, ind opened The paffage, through which Admiral Vernon 
with the fleet ſailed the next morning: and now the Engliſh having poſ- 
ſeſſion of the harbour, the neceſlary diſpoſitions were made for gaining 
the town: but here they failed; and the officers thought it better to 
retire with their fleet and army, than to ſtay longer in a country the un- 
Ne: wholeſome 


7z MARINE FORTIFICATION./ 


wholeſome' climate of which was infinitely more to be dreaded than the 
utmoſt efforts of ns timid inhabitants. | 


1155 ” 


214. The proceedings of the Engliſh in the river Hug bley, in Bengal, in India, 
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In the year 1756, the government of Bengal devolving on a nabob in 
the French intereſt ; he on a frivolous quarrel diſpoſſeſſed the Englith 
of moſt of their ſentlements on the river Hughley : but the governor of 
Calcutta, and many of the faQtory, ſecured themſelves and part of their 
effects on ſhip-board, and fell down the river out of the nabob's reach. 
To' regain theſe places, and to puniſh the nabob and the French for 
their perſidious dealings, Admiral Watſon, commanding the fleet, and 
Colonel Clive the Jand-forces, entered the river Hughley. On the 15th 
of December the army was landed, and, in conjunction with the fleet, 
attacked and took every place of defence on the river up to Calcutta, 
which they retook on the 2d of January, 1757; and before the 11th 
they took the town of Hughley, which they plundered, and afterwards 
deſtroyed. A 1 
On the 5th of February; Captain Warwick, at the head of a party of 
ſeamen, by the admiral's order, joined Colonel Clive, and the ſame 
day they gained a victory over the nabob's army, which obliged him to 
make a peace, very advantageous to the Engliſh. | | 

"Afterwards Colonel Clive having taken all the French poſts in the 
neighbourhood of Chandenagore, except one between the fort and the 
river, Admiral Watſon, who was proceeding up the river to ſecond the 
land operations, found himſelf obliged to come to anchor about two miles 
below the place; for the French had done every thing in their power 
to obſtruct the paſſage of the Engliſh by ſinking two ſhips, a ketch, a 
- hulk, a ſnow, and a veſſel without any maſts, all directly in the channel, 
within gun- not of the fort, and laying two booms, moored with chains, 
- acroſs the river. | 

The Admiral conceiving that a paſſage might be found between 
{thoſe ſunken veſſels without weighing any of them, ſcnt by night ſome 
expert perſons, under the direction of Mr. Delamot, maſter of the Kent, 
who, without being perceived by the French, found out a ſufficient 
channel, and cut the booms ;- which being effected, and the boats on 


their return, Delamot “ hung up a light at the maſt-head of one of the 


- ſunken veſſels, at which the enemy kept up a conſtant cannonade during 
the night. Onthe 24th the Admiral, paſſed through this channel with three 
- ſhips, and coming abreaſt of the fort, he anchored; and in leſs than three 
hours, after a very briſk firing, the enemy hung out a white flag, and ca- 
pitulated, notwithſtanding they were 3200 ſtrong, had 183 cannon and 
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perhaps Delamot, to cover his laſt operation, hung up the light at a 
- diſtance from the place where he was at work, to draw the enemies fire elear 
© from the peop le employed, | e e ; 
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three mortars. Captain Latham vas ſent to receive the keys and take 


poſſeſſion of the fort, and Colonel Clive, with the king's troops, marched 
in about 5 o'clock. | | 


215. 1 Of the ſiege of Louiſburg in 1758. 


Louiſburg is a ſtrong town in the iſland of Cape Breton ; it ſtands at 
the S. W. end of a very fine bay, which extends NE. and SW. above 
two miles in length, and is about three quarters of a mile in breadth : 
the entrance, of about one quarter of a mile broad, is near the middle 
of the bay, its ſouthern fide is formed by a cluſter of iflands, in one of 
which ſtood a large battery, called the iſland battery, of 36 guns; and 
on the coaſt oppoſite the entrance, ſtood the royal battery of 42 guns, 
with a covered way and glacis before it. In the harbour were 13 fail of 
ſhips, moſt of them lying to the NW. of the town, ready to defend it 
on the harbour ſide, and to impede the approaches on the land fide: 
the garriſon was about 4000 ſtrong, had about 220 cannon, 18 mor- 
tars, and was well ſtored with proviſion and ammunition. 

On the 28th of May, the fleet under Admiral Baſcawen, and the 
army under General Amber/t; aſſembled before Halifax, and on the 2d 
of June, they anchored in Gabarus bay, about two miles to the SW. 
of Louiſburg : but on account of the blowing weather, nothing towards 
landing could be done till the 8th, when ſeven frigates drew near ſhore, 
and for about a quarter of an hour cannonaded the French defences 
thrown up along ſhore; and then the boats landed the troops amidſt a 
very heavy fire, both of the French muſketry and cannon, and a moſt 
dreadful ſurf, which overſet and ſtaved ſeveral of the boats, and drowned 
many ſoldiers ; and upon the whole there were above 100 boats loſt in 
landing the troops and proviſions. ; 
On the 12th, Brigadier Wolfe'was ſent round the harbour to the 
north ſide of the entrance, to conſtruct a battery near the light- houſe, 
and thence to ruin the iſland battery. He drove the enemy from all their: 
defences on that ſide, took ſeveral cannon, and by the 20th had com- 
pleted the light-houſe battery, which, with the fire from the ſhips, 
ſilenced the iſland battery by the 25th. The light-houſe battery being 
conſiderably ſtrengthened by ſhip-guns, and intrenched, Brigadier 
Wolfe was ordered round with his detachment and cannon, and to ad- 
vance towards the weſt gate, and to try to deſtroy the ſhipping. ' He 
took poſt on the hills for that purpoſe on the 30th. | 

The 29th, the French ſunk four ſhips in the harbour's mouth with 
their maſts cut down; and on the 2 iſt of July, one of their ſhips was 
ſet on fire by a ſhot from the marine battery; this fire. communi- 
cating to two others, the three were burnt. On che night of July 25, 
Admiral Boſcawen detached the boats of the fleet in two ſquadrons under 
the command of the Captains Lafory and Balfour to take or burn the 
only two French ſhips then in the harbour. The boats going filently 
along the middle- of the harbour, the noiſe of the oars was not heard 
at land, nor at the ſhips till the boats were nearly along fide; and 
then the courage and activity of = ſeamen rendered all reſiſtance 

| | . | 
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uſeleſs: one of the ſhips, the Prudente of 74 guns, being aground, 
they ſet her on fire; and the other, the Bienfaiſant of 64 guns, they 
cut from her anchors, and towed into the NE. harbour amid the fire of 
the muſketry and cannon from the town and other places. 

In fine, the batteries of the Engliſh being opened, well ſerved, and 
well directed; and the enemies ſhips, and many of their defences being 
ruined ; they thought proper to capitulate on the 26th of July, and the 
Engliſh took poſſeſſion of the town on the 27th. 1 


216. O the taking of Quebec in the year 1759. 


QUEBEC, the capital of the French dominions in North-America, 
ſtands on the NE. bank of the great river St. Lawience, about 360 
miles from its mouth, and on the ſouth fide of the river St. Charles; 
which falling into the river St. Lawrence on the north of the town, 
forms a fine baſoq of about three miles in length and breadth ; the eaſt and 
NE. parts are terminated by the iſle of Orleans, which is a moſt delight, 
ful and well. cukivated ſpot about twenty. miles long and ſeven broad, 
formed by the river St. Lawrence. The greateſt part of Quebec ſtands 
on a rocky hill, in ſome places near fifty feet above the river; and on 
a ſmall ſtrand at the foot of the hill is built the part called the lower 
town : the high land ſtreiches up the river St. Charles, and alſo, with 
a ſteep front, for many leagues up the river St. Lawrence. The town 
was fortifed and well-defended by many batteries; and an army of 
about 10, oco men, under the brave and cautious General Montcalm, 
occupied poſts well intrenched, at every acceſſible ſpot, for an extent of 
near five miles on the fide of the river St. Charles, which was imagined 


to be the only part where the town could be approached by an enemy: 


theie poſts had in front a ſand-bank between them and the river, and 
thick woods in their rear. 

The Engliſh army, of about 7000, commanded by General Wolfe, 
was landed by Admiral Saunders, who commanded the fleet, on- the 
27th of June, on the ifle of Orleans; and on the 29th of June a de- 
tachment drove the enemy from point Levi, a high promontory on the 
ſouth ſhore of St. Lawrence, which commanded the baſon, and even 
the town of Quebec, and from whence the Engliſh batteries conſider- 
ably damaged the upper town, and entirely deſtroyed the lower one : 
and about the ſame time a detachment took — of the weſtern 
point of the ifle of Orleans, which alſo commanded the baſon. Ad- 
miral Saunders, with his diviſion of the fleet, was poſted, below the 
town in the north channel, and Admiral Holmes, with his diviſion, 
was ſtationed above the town, to divide thc enemies attention, and 
guard the batteries playing on the town and works. 

On the 3oth of June, about mid-night, fix fireſhips, well prepared 
for burning, their ſails being covered with a compolition that burnt a 
conſiderable time, were almoſt in an inſtant lighted up, and made a moſt 
terrible appearance. I hey came down with a gentle breeze and a ſtrong 


_. tide towards the middle of the fleet, then riding in the north channel, 


pietty cloſe to one another; but this being expected by the Admiral, 


the boats were ordered out, and theſe dreadful machines towed aſhore 
„„ a . ; on 
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on the Iſle of Orleans, where they quietly burnt without doing any 
miſchief. The enemy's next attack was by a raft of fire · ſtages com- 

oſed of fir logs, each ſtage about the ſize of a long- boat; theſe were 
Tabed together, filled with combuſtibles, loaded piſtols, , and gun- 
barrel-, and turned adrift towards the ſhips, but with no better ſucceſs 
than the other: the whole was about 200 feet long, and made a fine 
bonfire. 5 : 

General Wolfe having encamped on the gth of July, at Montmorenci, 
on the continent below the town, and tried, during almoſt two months, 
ſeveral ways to bring the enemy to a battle, (all which were fruſtrated 
either by the difficulties of the place, or the vigilance of Montcalm, ) de- 
termined to try what could be done above the town. He therefore 
removed the camp to point Levi on the oppoſite ſhore, and Admiral 
Holmes's ſquadron made for ſeveral days ſome movements up the 
river, the Engliſh army advancing at the ſame time along the ſouthern 
ſide ; while M. Bouganville with a body of 1500 French troops pro- 
ceeded along the northern ſide to watch theſe motions. On the 12th 
of September, about mid- night, the Engliſh were embarked in the 
flat-bottomed boats, and fell filently down the ſtream, the enemy be- 
ing amuſed up the river by Admiral Holmes, The boats landed on 
the north ſide, not exactly where it was intended, and the troops were 
obliged to ſcramble up a woody precipice, which however they effected, 
diſperſing a captain's guard poſted there, and the army was formed by 
day-light. 

While this was doing, in order to draw Montcalm's attention an- 
other way, as had been concerted, Admiral Saunders ordered all the 
boats of the men of war and tranſports well filled with men to feign 
an attempt on the French intrenchments below the town. The 
number of boats, and the manner in which this falſe attack was con- 


ducted, kept the French general too much alarmed to think what 


might be doing above the town, and which he could ſcarcely believe 
when informed of it; but being convinced he aſſembled his troops 
and marched to attack the Engliſh. Both armies drew up with great 
circumſpection; and the French advancing, began the engagement 
with a galling, though irregular fire; which was received and borne 
with great patience, till they were come to the diſtance of 40 yards; 
then the Engliſh poured in ſuch a well-aimed and dreadful fire, that the 
French army immediately ſtaggered ; and being puſhed with a true 
Britiſh ſpirit, they broke and yielded up the victory. This deciſive 
battle was followed by the ſurrender of Quebec, by capitulation, five 
days after; and the Engliſh troops took poſſeſſion of that city and its 
neighbouring country, 


217. The late wars, particularly the laſt, have furniſhed many ex- 
amples of ſea cngagements, and of the attack of ſtrong places on the 
ſea-coaſts z where both the ſea and land officers have ſhewn them- 
ſelves poſſeſſed of all the military knowledge, which good ſenſe and 
experience could produce, befides that intrepidity ſo natural to Bri- 
tons: the few examples here ſelected, chiefly to illuſtrate the laying of 
boc ms, are neither the moſt intereſting, nor thoſe where Britiſh valour 

has 


BR. 
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| has ſhone in its greateſt ſplendor : there are many actions of equal im- 
rtance, and accompanied with as ſtriking circumſtances, which may 
be found 9 accounts | enemy on thoſe occaſions. This ſub- 
"= cannot be better cloſed, than with a remark of Admiral Vernon ; 
at where men of war can be brought to act at a ſmall diſtance, as 
about 100 yards, or leſs, no fort can withftand their fire: but at a 
greater diſtance, as of half a cannon ſhot, a fort can receive very little 
damage from the fire of ſhip. guns, | | 
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